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We work hard to earn these stripes. 


When nearly 700 senior executives were polled*on the companies that 
they associated with high quality, they named more than 200 different 
American, Asian and European firms. But one company was named more 
than twice as often as any other: IBM. 

Still, a reputation for quality isn’t something you can rest on. That s why 
we keep working hard to earn our stripes. 

’Commissioned by The American Society for Quality Control. For a free copy write ASQC, 310 West Wisconsin Ave., Milwaukee, W153203. 

Circle No. 44 on Reader Service Card. 






Drive, 
your engine 
clean. 

Mobil Super Unleaded can unclog dirty fuel injectors 
and give your car a new injection of power. 




Clogged fuel injector. 

One of the biggest problems facing 
today’s high-tech engines is clogged fuel 
injectors. 

Deposits can form in port injectors— 
cutting the flow of fuel and making your 
engine slow, sluggish, unresponsive. 

But you don’t have to make expensive 
trips to a repair shop to clean the fuel 
injectors in your car. 

You can fix the problem yourself—simply 
by driving with Mobil Super Unleaded. 

Advanced Detergent Formula 

All grades of Mobil unleaded detergent 
gasoline keep fuel injectors clean. 

But Mobil Super Unleaded has an 
advanced detergent formula that can 
actually unclog dirty fuel injectors—as 


Unclogged fuel injector. 

you drive—giving your car a new injection 
of power. 

Leading Edge Technology 

While other oil companies are only 
starting to talk about fuel injector 
problems, Mobil, the detergent gasoline 
leader for over 20 years, has been 
recognized by auto manufacturers, car 
dealers and consumers as having the 
gasoline that solves the fuel injector 
problem: Mobil Super Unleaded. 

High Octane With A Plus 

Mobil Super Unleaded has high octane 
to give your car the power and performance 
you want. 

So fill up with Mobil Super Unleaded. 
And drive your engine clean. 


Mobil 

Super Unleaded 

High octane with a plus 
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SCIENCE SCOPE 


A Hughes Aircraft Company Value Engineering Change Proposal (VECP) significantly improved the 

design of a power control unit used on the M1 Abrams Tank and Bradley Fighting Vehicle and led to a 
savings of $9.09 million for the U.S. Army over the life of the two programs. Hughes improved the 
power control unit’s reliability and producibility by calling for changes in three circuit board modules. 
The result was fewer components, an increase in electrical efficiency, and a reduction in the number of 
spares needed. Ongoing participation in value engineering programs resulted in the Army Material 
Command awarding Hughes the Outstanding Achievement in Value Engineering Award for 1985. 

Spectacular nighttime rescue aided by Hughes’ Nightsun® searchlight , the most powerful searchlight 
ever developed for lightweight helicopters. When an aerial gondola cable linking Sentosa Island with 
Singapore was damaged by a towed oil rig, panicky passengers dangled high over the water in complete 
darkness. A police helicopter illuminated the scene nearly as brightly as the sun with the Nightsun 
searchlight, while a second helicopter rescued the passengers. The searchlight is built by Spectrolab, a 
Hughes subsidiary. It provides 30 million candlepower, as compared with the maximum 900,000 of 
ordinary searchlights. 

A new computer “assistant” that uses artificial intelligence will help U.S. Army technicians repair the 

primary weapon system on the AH-1 Cobra helicopter in the field more quickly and thoroughly than 
ever—and at less cost. The unit will be used for the M65 airborne TOW missile system and can be 
applied to virtually any complex weapon system including electronic, optical, mechanical, and 
hydraulic equipment. It will employ human logic to guide a maintenance technician automatically 
through a sequence of diagnostic steps and will recommend to the technician which tests should be 
conducted. The system will help reduce maintenance costs by being accurate and fast. Hughes, which 
builds the Tube-launched, Optically tracked, Wire-guided (TOW) missile and M65 system, is 
developing this new diagnostic unit for the U.S. Army Aviation Applied Technology Directorate. 

Brazil has expanded its telecommunications service now that the new Brazilsat 2 satellite has gone into 
operation. The spacecraft joins Brazilsat 1 in uniting the wilderness along the Amazon Basin with the 
more populated regions in the south. The two satellites carry telephone, TV, and data services. Spar 
Aerospace Ltd. of Canada built the Brazilsats under license from Hughes for EMBRATEL, Brazil’s 
state-owned telecommunications agency. Hughes supplied antenna reflectors, solar cell arrays, 
propulsion systems and other electronic components and subsystems. 

Hughes is seeking experienced engineers and scientists to further develop advanced spacecraft systems 
and components for communications satellites. Openings are in the fields of: software, computers, and 
data processing systems; electrical components; microwave/RF communication systems development; 
on-board spacecraft electronics and control systems; satellite design, integration, propulsion, and 
electrical power system development; spacecraft manufacturing, systems test and evaluation; GaAs 
applications R&D. Send your resume to Dan Frownfelter, Hughes Space & Communications Group, 
Dept. S2, S4/A300, RO. Box 92919, Los Angeles, CA 90009. EOE. U.S. citizenship required. 

For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 
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Opinion 
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THE INFORMATION EDGE 
FOR THE INFORMATION AGE 


T” TT IGH TECHNOLOGY has always been a magazine of new 

I_J directions. Now we are taking a new direction ourselves. 

I f Look at the tiny type at the bottom right of this page, and 
JL JL you will see a name you have not seen before: Infotechno- 
logy Publishing Corporation. Effective with this issue, Infotechnology 
is the owner and publisher of HIGH TECHNOLOGY—and has made a 
long-term commitment to continue bringing you the strengths of the 
magazine, while making the information provided even more useful to 
your business and personal life. 

You will see that commitment building in the months to come, as 
we make this magazine the leading publication that gives businesspeo¬ 
ple the edge to profit from high technology. 

We take every part of that mission statement seriously: 


LEADING PUBLICATION. No one else explores the technology that 
is transforming our lives and businesses as deeply as we do. Look, for 
example, at “Harvesting the cell,” p. 36—not only to find out the lat¬ 
est developments in this area of biotechnology, but also to see how 
many companies, and which ones, are involved in the research. 


BUSINESSPEOPLE. You are our target audience. If you need to 
know about upcoming technology to decide whether to purchase it— 
or to stay ahead of your competitors if they purchase it... if you 
need to understand the trends that will transform the way you do 
business in the months and years to come... if you are starting or 
growing a business, and are looking to technology to help you find the 
right market niche ... then you need HIGH TECHNOLOGY—because 
only HIGH TECHNOLOGY can give you the advance information you 
need to make your company more competitive. 


THE EDGE. By now, you probably know what we are driving at: we 
give you the edge on your competition by showing what the technologi¬ 
cal trends will be, long before you can learn of them through other 
sources. Everyone calls this the Information Age, but we believe there 
is, in a sense, too much information: an explosion of such magnitude 
that it is enormously hard to separate what is important from what is 
not. By highlighting what is important to your business or investment 
life (see, for instance, “Investing the high tech way,” p. 68), HIGH 
TECHNOLOGY gives you the information edge in our Information Age. 

PROFIT. We believe in it. So do you, or you wouldn’t be in business. 
Our aim is to show you how the latest technological developments in 
all fields can be turned to the advantage of your bottom line. 


Our bottom line is that we intend to make HIGH TECHNOLOGY a 
success by focusing it on you, our business-oriented readers, while 
continuing to present the in-depth information on technology that you 
have come to expect. 

Oh, yes—we also intend to have some fun with what technology 
does to our lives (see “Revolution in Toyland,” p. 38). 

Watch in coming months as we introduce exciting new ways to help 
you understand and profit from the ever-increasing pace of technologi¬ 
cal change. Whatever the needs of your business, HIGH TECHNOLOGY 
will be an indispensable tool. 

£//£L 

/ Mark J. Estren, PhD 
President and Chief Executive Officer 
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Letters 



A/E/C Systems: 

A really big show 

As the controversy wages as to who has 
the largest graphics show (“Graphics con¬ 
ference on videotape,” Updates, Dec. 
1986, p. 6, and “A graphic overstate¬ 
ment,” Letters, March 1987, p. 7), a sleep¬ 
ing giant lurks. 

Although focused on the vertical mar¬ 
ket surrounding graphic communications 
(the architecture, engineering, and con¬ 
struction industries), A/E/C Systems ’87 
is larger than SIGGRAPH ’86 and the Na¬ 
tional Computer Graphics Association’s 
(NCGA) Computer Graphics ’87. Computer 
Graphics ’87 had a roster of 180 compa¬ 
nies, covering 110,000 square feet, where¬ 
as A/E/C Systems ’87 will have more 
than 400 companies exhibiting in 130,000 
square feet. 

NCGA and SIGGRAPH produce very fine 
events and are commended for setting the 
computer graphics awareness trends that 
allow conferences in practical graphics 
applications such as A/E/C Systems ’87 
(June 23-26 in Washington, D.C.). 

George S. Borkovich, Conference Dir. 
A/E/C Systems ’87 
Thomdale, Pa. 

Four roads to 
parallel computing 

In many cases, the difficulty of convert¬ 
ing serial applications to parallel has been 
largely overstated (“Parallel computers 
diverge,” Feb. 1987, p. 16). We have found 
that there are four distinct levels of con¬ 
version ease. First, database searching 
and signal filtering are very simple to 
convert because the program databases 
are regular and simple to partition into N 
nodes. Second, fast fourier transforms 


This CAD image of 
Quincy Market in 
Boston was created 
by Skok Systems of 
Cambridge, Mass., 
for demonstration at 
A/E/C Systems ’87. 

are more difficult to convert because node 
boundaries have to be transited more of¬ 
ten, and the internode data communica¬ 
tions system needs more attention. Third, 
finite element analysis is even more dif¬ 
ficult because the physical irregularity of 
the databases makes them somewhat 
more critical to partition. And Fourth, 
sorting tasks are the most difficult to 
convert to parallel, because the popular 
algorithms that have evolved for serial 
processors are ill suited to parallel archi¬ 
tectures. Users must therefore invent en¬ 
tirely new algorithms. 

A1 Kernek, Marketing and Sales Mgr. 
Computer Research Division 
Ametek 
Monrovia, Cal. 

Wanted: cooperative 
engineering programs 

In “Wanted: hands-on engineers” (April 
1987, p. 10), GE chief scientist Roland 
Schmitt mentions cooperative education 
in only two sentences. Most “dirt-under- 
the-fingernails engineers” complete only 
undergraduate educations. A truly coop¬ 
erative education provides real experi¬ 
ence in a real company with real equip¬ 
ment on real problems in a real 
engineering environment. For an engi¬ 
neer-in-training and a company, there is 
no better investment in the future than 
such a program. I strongly hope that the 
new congressional Task Force on Tech¬ 
nology (of the House Science and Technol¬ 
ogy Committee) will examine potential 
federal actions to enlarge these valuable 
cooperative education programs. 

Jordan J. Baruch 
President 

Jordan Baruch Associates 
Washington, D.C. 


Desktop chemical 
databases 

In “Passing the word on toxic chemicals” 
(Feb. 1987, p. 61), you stated that “one 
problem is that U.S. producers lack a sin¬ 
gle chemical safety database that in¬ 
cludes the information on every OSHA- 
regulated chemical” and clearly indicate 
the need for computer-based tools. Van 
Nostrand Reinhold’s Chemtox is the first 
desktop database that contains data on all 
of these compounds in over 100 data fields 
for more than 3500 regulated chemicals. 

Richard Pohanish 
President 

VNR Information Services 
New York, N.Y. 

Piecemeal automation 
is no solution 

“Flexible manufacturing systems: curing 
the cure-all” (Oct. 1986, p. 22) could be in¬ 
terpreted as encouraging our managers 
to scale down the use of advanced manu¬ 
facturing technology and use piecemeal 
solutions to our productivity problems. 
This sends the wrong signal at the wrong 
time to managers and engineers across 
this country. Some companies have had 
problems in their application of flexible 
manufacturing technology, but these of¬ 
ten occur because of poor system imple¬ 
mentation (when the people are forgot¬ 
ten) or introduction of the technology 
through “islands of automation.” Both 
approaches restrict full implementation, 
integration, and productive use of ad¬ 
vanced manufacturing technology. 

V. Daniel Hunt 
President 

Technology Research Corp. 

Springfield, Va. 




We welcome comments from our readers. 
Please address letters to Editor, High Technol¬ 
ogy, 38 Commercial Wharf, Boston, MA 02110. 
Or^sencDo MCI Mailbox: HIGHTECHLET (617) 
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Computer-controlled shelf labels take 
the legwork out of inflation. 


Electronic 
price tags 
for supermarkets 

a lthough bar code scanners have 
spared supermarkets the trouble of 
marking prices on each individual 
can of peas, the stores still devote a 
lot of labor to maintaining their shelf la¬ 
bels. Radio-controlled electronic tags now 
being tested offer an alternative. The liq¬ 
uid crystal display modules, developed by 
Telepanel (Markham, Ontario), receive 
signals from a transmitter hooked up to 
the store’s main computer. Any price 
change entered into the computer will up¬ 
date not only the checkout scanners but 
also the shelf tags, ensuring consistency 
between the price marked and the price 
charged. 

When the customer pushes a button, 
the display shifts from product price to 
unit price (say, cost per ounce or per gal¬ 
lon), making it easier to compare the val¬ 
ue of different-sized items. The modules 
record the number of times their unit 
prices are requested; by comparing these 
numbers with the checkout scanner tally, 
a store can better assess the price sensi¬ 
tivity of its wares. 

The units transmit as well as receive. 


For example, a stock clerk could manually 
set a readout in the corner of the tag to 
show how many of an item were missing 
from the shelf; this number could then be 
relayed to the computer to help the store 
keep track of inventory. The system has 
been in trial use since September at Lob- 
laws supermarket in Toronto and since 
March at a Kroger in Carrolton, Tex. 
With more than 13,000 scanner-equipped 
supermarkets in the U.S. and Canada (ac¬ 
cording to the Food Marketing Institute), 
the potential market for systems like 
Telepanel’s may be as high as $2 billion. 

Blood test 
spots all forms 
of cancer 

Q esearchers at Beth Israel Hospital 
in Boston have devised a blood test 
that signals the presence of cancer 
anywhere in the body. Although it 
can’t determine which part of the body is 
afflicted, the test provides doctors for the 
first time with a way to screen people at 
risk for developing the disease. 

The Beth Israel test relies on the ana¬ 
lytical technique known as magnetic reso¬ 
nance spectroscopy, in which magnetic 
fields and radio-frequency energy are 
used to generate spectra that are unique 
to the molecules being studied. In this 
case, the technique analyzes lipopro¬ 
teins—molecules in the bloodstream that 
consist of both proteins and fats. The re¬ 
searchers have found that the lipoprotein 
spectra of cancer patients differ from 
those of normal subjects. “We don’t know 
exactly why this is so,” says Eric T. Fos- 
sel, associate professor of radiology at 
Beth Israel, “but we think that the pres¬ 
ence of cancer cells somehow alters the 
fatty portion of the molecule.” 

Early studies suggest that the test is 
more than 90% accurate in spotting can¬ 
cer, says Fossel, and so far no form of the 
disease has eluded detection. The technol¬ 
ogy has been licensed to Siemens Medical 
Systems in Iselin, N.J., for further devel¬ 
opment; large-scale human trials will 
probably begin later this year, and Sie¬ 
mens may introduce an investigational 
(research-only) device by year’s end. Fos¬ 
sel envisions a fully automated device for 


hospitals and clinics—available within 
five years—that could run cancer tests 
for about $30 each. 

Hydraulic drive 
takes the strain 
off bus engines 

very time a bus accelerates from a 
stop, its noise and pollutant levels 
soar and its fuel efficiency plum¬ 
mets. Swedish vehicle maker Saab- 
Scania believes it can ease all three prob¬ 
lems with its new “pressure accumulator 
drive” (or TAD, from the Swedish), which 
stores energy during deceleration and re¬ 
leases it to power the bus when it starts 
up again. In tests, the system not only 
permitted quieter, cleaner starts but also 
cut overall fuel consumption by a third. 

TAD consists of a hydraulic mechanism 
that doubles as a pump and a motor, plus 
a “pressure accumulator”—a cylindrical 
tank that contains a piston with nitrogen 
gas on one side, hydraulic oil on the other. 
A chain drive connects the pump/motor 
to the bus’s drive shaft. When the brakes 
are applied, the system’s control comput¬ 
er activates the pump mode. Turned by 
the drive shaft, the pump pressurizes the 
oil in the accumulator tank. This forces 
the piston to move, compressing the nitro¬ 
gen gas. Then, when the driver releases 
the brake and begins to accelerate from a 
full stop, the microprocessor switches the 
pump into its motor mode while holding 
the bus’s diesel engine at idle. The com¬ 
pressed nitrogen then drives the piston to¬ 
ward the hydraulic oil, forcing the oil 
through the motor, which spins the drive 
shaft. At 19 to 25 mph, the diesel takes 
over. Monitoring vehicle acceleration, en¬ 
gine speed, and the output of TAD’s hy¬ 
draulic motor, the control computer 
switches to diesel power earlier if it 
senses a gradient or load that TAD can’t 
handle, thereby avoiding sluggish starts. 

Although it would work on other vehi¬ 
cles as well, TAD is ideally suited for tran¬ 
sit buses because of their frequent stops. 
Already, about 10 of the systems are be¬ 
ing tested in Sweden as part of a two-year 
evaluation program. Scania says it will 
eventually offer the system on its U.S. 
buses. 
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ue of different-sized items. The modules 
record the number of times their unit 
prices are requested; by comparing these 
numbers with the checkout scanner tally, 
a store can better assess the price sensi¬ 
tivity of its wares. 

The units transmit as well as receive. 


disease has eluded detection. The technol¬ 
ogy has been licensed to Siemens Medical 
Systems in Iselin, N.J., for further devel¬ 
opment; large-scale human trials will 
probably begin later this year, and Sie¬ 
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(research-only) device by year’s end. Fos¬ 
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Although it would work on other vehi¬ 
cles as well, TAD is ideally suited for tran¬ 
sit buses because of their frequent stops. 
Already, about 10 of the systems are be¬ 
ing tested in Sweden as part of a two-year 
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INSIGHTS 


INDUSTRY NEEDS INSURED LOANS 

By Edwin Lee 

Chief Executive Officer, Pro-Log Corp. 


.S. industry continues to lose 
ground in international competi¬ 
tion. In electronics, for example, 
we have gone from being a 
$27 billion net exporter in 1980 to a $2 bil¬ 
lion net importer in 1986. 

Some manufacturers, blaming the situ¬ 
ation on unfair practices by Japanese 
competitors, have filed lawsuits and sup¬ 
ported restrictions on Japanese products. 
They have essentially demanded that gov¬ 
ernment intervene to protect them. 

Unfortunately, the problem is more 
fundamental. The basic challenge for 
American industry is to pay the relatively 
high wages, parts costs, and other ex¬ 
penses of doing business in the U.S., 
while maintaining rigorous standards of 
quality and service. 

Although we certainly couldn’t emulate 
all the conditions that prevail in Japan— 
nor would we need to—there is one im¬ 
portant factor in Japan’s industrial suc¬ 
cess that could well be adopted in the 
United States: a financial system that le¬ 
verages investment in automation at 
rates of up to 40% of a company’s annual 
sales. According to a recent report by the 
Defense Science Board, comparable U.S. 
electronics companies average less than a 
22% investment rate. This is a result of 
our tying up capital in inventory, and be¬ 
ing limited by “prudent” banking rules to 
conservative ratios of debt to equity and 
debt repayments to earnings. 

The government could dramatically im¬ 
prove available credit for automation if it 
established a self-funding insurance sys¬ 
tem for capital equipment loans, like the 
Federal Housing Authority (FHA) pro¬ 
gram established in the 1930s to encour¬ 
age home loans. Such an authority, 
perhaps called the Federal Capital Equip¬ 
ment Authority (FCEA), would insure 
loans made by banks and other private 
lenders for capital equipment that con¬ 
tributed significantly to automation. 

Qualifying equipment would include 
computers, robots, engineering worksta¬ 
tions, office automation networks, and 
other appropriate systems for factories 
and offices. The terms and duration of an 
insured loan could be determined by the 
FCEA based on appraisals that took into' 
account the equipment’s quality, compli¬ 
ance with health and safety standards, 


selling price, and market acceptance. 

Certain financial guidelines would also 
have to be met by the borrower, but they 
could be looser than those currently im¬ 
posed by lenders. For example, insurable 
loans might be limited to 50% of a borrow¬ 
er’s total capital equipment. The guide¬ 
lines would have to be designed so that 
some marginally profitable (or slightly 
unprofitable) companies in fiercely com¬ 
petitive industries could automate more 
vigorously. As it is, those most in need of 
automation are least able to finance it. 

The lender would hold a mortgage on 
the equipment until the loan was paid off. 
If the borrower were to default, the lend¬ 
er would go through a foreclosure proce¬ 
dure and then resell the equipment. An 
annual FCEA insurance fee of about V/ 2 - 
2% of the loan balance would probably 
provide an adequate margin to cover 
failed loans. Because the lender would be 
fully protected for the insured portion of 
the loan, interest on the loan could be 
pegged close to prime rate plus the insur¬ 
ance costs. The insured mortgages would 
be readily negotiable assets for lenders. 

With the loan fully secured by the 
equipment and the insurance, the borrow¬ 
ing company could report as debt only the 
next 12 months of loan payments. This 
would upgrade the company’s credit posi¬ 
tion and make additional conventional fi¬ 
nancing possible. 

The FCEA program would have several 
positive effects: 

• It would enable manufacturers to be¬ 
gin automating at a rate approaching that 
of Japanese industry, thereby creating 
additional demand for automation equip¬ 
ment along the way. 

• Loan appraisal requirements would 
stimulate higher quality and safety levels 
for capital equipment across the board, 
just as improvement in all building codes 
has been a benefit of FHA even though it 
finances only about 30% of homes. 

• The banking infrastructure would be 
strengthened. In contrast, solutions in¬ 
volving large government loans or the 
creation of government-funded compa¬ 
nies tend to undermine the diversified 
business structure that is.one of our 
greatest competitive assets. 

But the FCEA program could also pose 
some problems: 


• It might be used to force “Buy Ameri¬ 
can” policies, regardless of the quality of 
the capital equipment. 

• It might be viewed by some borrow¬ 
ers as a substitute for prudent credit deci¬ 
sions and good financial management. 
While the program would give lenders 
and borrowers more options, it would not 
prevent them from squandering those 
options. 

• It might put some people out of work 
as automation continues to eliminate tra¬ 
ditional jobs. This is a preferable alterna¬ 
tive, however, to job displacement from 
foreign competition. 

hile these problems can be 
readily addressed, the FCEA 
suggestion is only one part of 
a long-term solution. Such a 
program could be expected to stimulate 
demand and provide U.S. industry with a 
three- to five-year demand-driven breath¬ 
ing spell. Meanwhile, long-term competi¬ 
tiveness would also require a change to 
just-in-time relationships among manu¬ 
facturers, suppliers, and customers. 
Without such a change, additional capital 
could wind up supporting inventory rath¬ 
er than automation. 

Over the last three years, for example, 
my company has developed a just-in-time 
program with three vendors: a printed cir¬ 
cuit board manufacturer and two suppli¬ 
ers of electronic parts. This program, in 
addition to supporting automation goals, 
has improved overall inventory turns 
from under two to over five, reduced 
overall purchasing costs by over 40%, and 
substantially improved product quality. 

For our company, this program is just 
the beginning. Among other things, we 
plan to double our shipments (in dollars 
per employee) over the next five years. 
Our analysis shows that such objectives 
are necessary to maintain all design and 
production functions in the United States 
and still remain competitive in interna¬ 
tional markets. If we could increase our 
rate of automation through a program 
such as the proposed FCEA plan, we could 
easily meet our goals. □ 


Pro-Log Corp., based in Monterey, Cal., is a 
manufacturer of computer products for 
industrial control. 
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is in a microelectronics 
Laboratories are very 
fussy eaters.They won’t go near their favorite foods 
if they smell a whiff of garlic. Garlic? Garden slugs? 








Microchips that 
mimic the brain 


Slug as savant: 

“Nature has shown us there 
are powerful computer 
designs very different from 
conventional machines!’ 


T he common garden slug loves 
the enticing odors of carrot, 
tomato and mushroom. But it hates 
garlic. When scientists at AT&T Bell 
Laboratories “spike” these favorite 
foods with garlic, what happens? 

The slug learns . It alters its memory 
of the foods it once loved and 
avoids or rejects them. 

Insights gained from studying 
simple central nervous systems like 
the slugs point to a dramatically 
new approach to computing. An 
approach that promises to make 
computers faster, smarter and easier 
for people to use. 

Why study slugs? Though the slug 
is no Einstein, its brain’s limited 
ability to learn—to associate new in¬ 
formation with existing memories— 
makes today’s most powerful 
computers seem primitive. 

And the slug, with its neural net¬ 
works comprised of a mere 
500,000 nerve cells or neurons, is 
much less complicated to work 
with than people or other animals. 


On functioning computer chips, 
microelectronics researchers have 
built prototype electronic neural 
networks. 

Like biological networks of brain 
nerve cells, these electronic circuits 
use associative memory to relate 
incoming information to memories 
already stored. So they can 
cope with information filled with 
errors or ambiguity And they can 
deal with “messy” information, col¬ 
lecting scattered facts to recognize 
and remember from incomplete 
details, much as the brain does. 

One test chip, containing 54 


AT&T Bell Laboratories: Technology for the real world 

















“neurons” in such a “neural net¬ 
work” can recall memories from 
imperfect data within a few 
millionths of a second—selecting 
“James Lynn” from among several 
stored names as the correct 
response to the input “Jim.” 

Getting up to speed 
By studying simple central nervous 
systems like the slug’s, scientists at 
Bell Labs are also gaining valuable 
insights into another brain function, 
parallel processing. It offers 
an answer to a physical limitation 
of todays computers—speed. 

Step-by-step computing can only 
process information one piece at a 



ments as well as good calculations. 
Computers that can perceive and 
learn in an imperfect world, much 
as people do. 

In the future, working with com¬ 
puters will be more like working 
with people. The machines will 
understand and respond to human 
speech—even recognize the 



Today’s computers can only process neatly-stored 
information. A little human ability to deal with messiness 
might actually make them a whole lot smarter. 


In the future, 

people and their computers 
will have a much friendlier 
working relationship. 


for Bell Labs. Some 21,000 patents, 
an average of more than one a day 
And a legacy of achievement, from 
the transistor and the laser to 
lightwave communications and the 
digital computer. 

This longer view ensures that 
the technology built into all AT&T 
products can evolve and adapt to 
the changing needs of the real 
world. Making information easier 
to obtain and use for everyone. 


time. Parallel processing, the ability 
to perform several functions 
simultaneously speeds things up. 
And the more things done together, 
the faster the whole job gets done. 

“Thinking” computers 
Where is this research into associa¬ 
tive memory and parallel 
processing leading? To “thinking” 
computers that make good judg- 


person addressing them. 

Taking the longer view 

Research scientists at AT&T Bell 
Laboratories are expected to take 
the longer view To look beyond 
the impact of technology on the 
next quarter or the next year, into 
the next century 
It is this perspective that has pro¬ 
duced seven Nobel Prize winners 


AT&T 

The right choice. 




























BUSINESS STRATEGIES 


Cypress Semiconductor: 

PROSPERING DESPITE THE CHIP SLUMP 


/ n recent years, many U.S. semicon¬ 
ductor companies have absorbed 
heavy losses, running their plants 
well below capacity in the face of a 
slowdown in demand and a surge of cut- 
rate imports. One of the few domestic 
firms to prosper in spite of industry trends 
is Cypress Semiconductor (San Jose, Cal.). 
Cypress has used high-speed complemen¬ 
tary metal-oxide semiconductor (CMOS) 
technology, in conjunction with a heavily 
automated manufacturing process, to de¬ 
velop a variety of specialized, relatively 
expensive chips sold to niche markets. 

While CMOS and the other prevalent 
forms of wafer fabrication—bipolar and 
NMOS—all yield high-speed circuits, CMOS 
chips require the least amount of power. 
Therefore they stay cooler, allowing for a 
greater density of components on a small¬ 
er area. Moreover, unlike bipolar circuits, 
CMOS chips get four times as fast whenev¬ 
er transistor size is cut in half. These 
factors make high-speed CMOS chips at¬ 
tractive for use in minicomputers, tele¬ 
communications equipment, and military 
systems. 

Cypress manufactures 72 high-speed 
chips in four product categories, which 
vary in storage capacity and configura¬ 
tion. The company’s static random-access 
memory (RAM) chips, for example, are 
used as auxiliaries to the main memories 
of computers, storing information that is 
currently being processed. Other product 
lines are devoted to such functions as stor¬ 
ing permament data, carrying out float¬ 
ing-point mathematics, and digital signal 
processing. Among Cypress’s customers 
are Wang Laboratories (which uses a stat¬ 
ic RAM chip in its VS line of computers), 
Digital Equipment, Apollo Computer, In¬ 
tel, AT&T, and Texas Instruments. 

In order to keep the competition at bay, 
most of Cypress’s chips represent no more 
than a potential $40 million market. “Such 
markets are too small to entice large ven¬ 
dors, including the Japanese,” says 
T. J. Rodgers, president of Cypress, “but 
cumulatively add up to a respectable size.” 
Last year the company’s sales were $51 
million, triple the 1985 level. Cypress’s 
profitability has been aided by the use of 
automated machinery throughout the pro¬ 
duction process. Robots, for example, are 


used for loading and un¬ 
loading wafer cassettes, 
and for inserting each 
chip into any one of 
65 different package 
types. “Our robots can 
package circuits several 
times faster than hu¬ 
mans could,” says Rich¬ 
ard Goss, Cypress’s VP 
for product develop¬ 
ment. “Without this ca¬ 
pacity, we would have to 
send the chips overseas 
for assembly.” 

“While Cypress has 
been a pioneer in high¬ 
speed CMOS processing, 
it may be difficult for 
them to sustain a leader¬ 
ship role,” says Andrew 
Rappaport, president of 
Technology Research 
Group (Boston). “Tech¬ 
nology changes rapidly, 
and the company has a 

heavy investment in its - 

present equipment.” Moreover, at least one 
major competitor—Integrated Device 
Technology (Santa Clara, Cal.)—and sever¬ 
al start-ups have entered some of Cypress’s 
markets with high-speed CMOS devices. 
However, says Rappaport, Cypress is in a 
good position to benefit from a growing 
preference for CMOS chips, which will re¬ 
place their biopolar counterparts in many 



Cypress president T. J. Rodgers says the company has 
profited by selling specialized chips for digital signal pro¬ 
cessing and other niche markets. 


applications over the next few years. Paul 
Johnson of L. F. Rothschild (New York) es¬ 
timates that the $200 million high-speed 
CMOS market will grow at a 50% annual 
rate over the next two years. Cypress in¬ 
tends to keep up with such demand; Rod¬ 
gers says that the company plans to release 
at least a dozen new chips within the next 
few months. □ —Patricia Hittner 


PETROFERM: 


BIOPOLYMERS FOR INDUSTRY 


O il and water don’t ordinarily mix. 
That may change if Petroferm 
(Femandina Beach, Fla.) has its 
way. The company uses modified 
forms of biopolymers (chemicals secreted 
naturally by microbes) to help force oil and 
water together, creating expanded appli¬ 
cations for heavy crude oils or oily wastes. 
Using similarly modified biopolymers, the 
six-year-old company is also developing 
products that can speed oil-well produc¬ 
tion and clean contaminants off micro¬ 
chips and printed-circuit boards. 


Petroferm bases its technology on the 
ability of biopolymers extracted from 
Acinetobacter calcoaceticus and related 
microbes to adhere to, and dissolve, oil. 
The biopolymers can then be used as emul¬ 
sifiers, creating stable mixtures out of wa¬ 
ter and tarry oils, such as the asphalt 
sludges left over after crude oil is refined. 
Early this year, Petroferm announced the 
commercial availability of its biopolymers 
for producing “pre-atomized fuel” (PAF) 
from such oils. A licensing agreement has 
already been signed with Steuart Petro- 
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BUSINESS STRATEGIES 


leum Co. (Washington, D.C.), an indepen¬ 
dent marketer and terminal operator of re¬ 
fined petroleum products. 

“The PAF produced from a refiner’s bot- 
tom-of-the-barrel residual products is 
equivalent to No. 6 fuel oil,” explains Wil¬ 
liam Galloway, chairman of the firm. This 
grade of fuel oil, widely used in boilers and 
furnaces, is usually produced by mixing 
asphalt with lighter oils or even refined 
kerosene. The PAF process substitutes 
water (up to 30% of the final mixture) and 
the firm’s proprietary emulsifiers for 
these higher-value diluents. “PAF is cost- 
competitive with No. 6 oil, and gives the 
refiner the option of selling his higher-val¬ 
ue products to other markets,” says Gallo¬ 
way. Moreover, burning PAF produces 
half the nitrogen-oxide and particulate 
emissions of traditional fuel oil. 

“Petroferm’s technology for PAF is es¬ 
pecially useful for refiners who don’t have 
a ready market for their residual asphalt,” 
says John Dosher, managing director of 
Pace Consultants, a Houston energy and 
petrochemical advisory firm. Dosher ex¬ 
plains that most such asphalt is marketed 
for roadways, but it can’t be economically 


transported very far because of its weight 
and viscosity. Where refiners tend to con¬ 
gregate, as in Houston, Louisiana, or Phil¬ 
adelphia, the local market is oversupplied 
with asphalt. Dosher notes that the No. 6 
fuel market is quite large, amounting to 
1-2 million barrels per day in the U.S. 

face, thereby cutting the well’s production 
costs over its active life,” he says. DHE has 
been field-tested by Dome Petroleum and 
Amoco Canada; a major test at a 100-well 
oilfield is currently under way. 

The utility of both PAF and DHE are de¬ 
pendent on swings in the world price of 
crude oil. To offset this dependency, Gallo- 
way has pursued market opportunities for 
biopolymer-based products in other sec¬ 
tors as well, particularly electronics manu¬ 
facturing. The company has a family of 
cleaning solutions brand-named Bioact 
that are used by the makers of printed cir¬ 
cuit boards and microchips to remove such 

Biopolymers help turn 
sludge into fuel oil that 
can be used in boilers. 

Petroferm’s biopolymers are also used 
in down-hole emulsification (DHE), a pro¬ 
cess that increases production from 
heavy-oil wells found in California, west¬ 
ern Canada, and Venezuela. These wells, 
which currently use such techniques as 
steam or water flooding to coax the vis¬ 
cous oil from the ground, can double their 
daily production with Petroferm’s prod¬ 
ucts, according to R&D director Michael 
Hayes. “The biopolymer expedites the 
flow of oil from the well bottom to the sur- 

contaminants as the baked-on flux created 
when electronic components are soldered 
to the board. Hayes believes that Petro¬ 
ferm’s cleaning solutions, unlike conven¬ 
tional cleaners, are especially effective in 
removing the flux from surface-mounted 
chips; with surface mounting, the clear¬ 
ance between the chip and the circuit 
board is much less than on traditional 
boards. “As surface-mount technology 
becomes more popular,” says Hayes, “Bio¬ 
act should contribute a significant portion 
of our earnings.” □ —Nicholas Basta 


Fertility & Genetics Research: 

NONSURGICAL OVUM TRANSFER 


s many as 14% of all couples of 
childbearing age in the U.S. may 
face serious difficulty having chil¬ 
dren: almost half of this group 
consists of women who are infertile or who 
fear that their own children would inherit 
genetic diseases. Fertility and Genetics 
Research (FGR) was formed in Chicago by 
a group of physicians and entrepreneurs 
to develop a nonsurgical technique that 
could remove a fertilized ovum from the 
uterus of one woman for transfer to that 
of another woman. 

Although the technology for artificially 
inseminating women with sperm has been 
available for several decades, the technol¬ 
ogy for transferring egg cells was devel¬ 
oped only recently. In a typical case, an 
infertile woman’s husband provides 
sperm to inseminate the donor, who is se¬ 
lected on the basis of physical similarity to 
the infertile woman. After a few days, a 
catheter is used to flush out the uterus and 
capture the fertilized ovum (the device 
contains a fluid designed by FGR to protect 
the ovum); the ovum is then introduced 


into the recipient’s uterus, where it grows 
and is delivered as if it were her own genet¬ 
ic baby. 

Alternatives to ovum transfer are avail¬ 
able, particularly when the problem is that 
egg cells are not released from the ova¬ 
ries, but each has drawbacks. In vitro fer¬ 
tilization—which involves surgical remov¬ 
al of the ovum from the mother, 
fertilization and several days’ growth in a 
test tube, and implantation back into the 
mother—carries a low success rate and 
high cost. A woman can also be treated 
surgically or with a variety of drugs to 
stimulate ovulation. However, surgery is 
expensive and risky, while drugs may ei¬ 
ther not work for some women or induce 
multiple births in others. An adopted in¬ 
fant, of course, will not bear either par¬ 
ent’s genetic traits, and contests over a 
child bom to a surrogate mother can be 
traumatic. 

FGR claims that ovum transfer, which 
has an estimated success rate of 10-20%, is 
simpler, safer, less costly, and considera¬ 
bly easier to repeat, if necessary, than oth¬ 


er methods. But the company has had to 
back off from its original plan for imple¬ 
menting this technology. Under the as¬ 
sumption that ovum transfer would be¬ 
come the leading method for overcoming 
fertility problems, FGR had intended to es¬ 
tablish a group of specialized clinics in the 
U.S. and Europe linked by a computer net¬ 
work that would provide information on 
potential donors. Two developments have 
put a brake on this strategy. One is a varia¬ 
tion on in vitro fertilization that uses an 
ovum from a third-party donor. In either 
type of in vitro method, the woman pro¬ 
viding the ovum—whether the mother-to- 
be or a third party—is first treated with 
hormones that allow many eggs to be ob¬ 
tained at once. Because implantation 
seems to work better in a woman who has 
not been taking these hormones, the 
newer in vitro method appears to offer a 
higher success rate. The other hitch in 
FGR's plans is the rising fear of AIDS, 
which could affect demand for any donor- 
based fertility process, including ovum 
transfer. 
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JNFLMJE. 
LINE. 

General Motors, Anheuser Busch, 

Xerox and Goodyear acted on a 
hot TIP before their business went 
on line in Oklahoma. As a result, 
they started up with qualified 
workers already in place, fully- 
trained by TIP, Oklahoma’s Training 
for Industry Program. TIP can do the 
same for your business by taking 
care of every aspect of your 
pre-employment and on-the-job 
training or supervisory development 
needs. TIP provides the training 
facilities, virtually any type of 
control or process equipment as 
well as training aids, all free of 
charge. TIP will also pay for 
instructors and consumable 
supplies used in training. Over 
its 20-year operation, TIP has 
earned its reputation as the nation’s 
outstanding program of its kind. A 
reputation built on a whatever-it- 
takes attitude to help get your 
Oklahoma operation generating 
profits as soon as possible. TIP is one 
of the many advantages of starting 
up in Oklahoma. Make the toll-free 
call to Don Paulsen, Executive 
Director, Oklahoma Department of 
Commerce at 1-800-443-OKLA and 
find out how TIP can put you on 
line sooner. In Oklahoma. 



Centered for Profit 


Call toll-free: 1800-443 0KLA 

In Oklahoma call: 405-843-9770 
6601 Broadway Extension, Suite 209 
Oklahoma City, OK 73116-8214 

Circle No. 12 on Reader Service Card. 



The company faces a number of other 
problems, as well. FGR has been granted a 
patent for its catheter device, and al¬ 
though it has applied for patents for the 
entire ovum transfer procedure, the ab¬ 
sence of full patent protection could en¬ 
able other medical researchers to develop 
similar or improved means for transfer¬ 
ring ova. Donors might sue the company 
for infections caused by the procedure, for 
ectopic pregnancies (fertilized eggs lodg¬ 
ing in the Fallopian tubes), or for any other 
abnormalities connected with later child¬ 
bearing; recipients might demand dam- 


The technology for 
transferring a fertilized 
ovum from one woman to 
another may be licensed 
to fertility clinics. 


ages for any birth defects attributed to the 
procedure. To make matters worse, there 
are also uncertainties about how states 
will interpret lawsuits regarding legal 
parentage. 

But Fertility and Genetics Research is 
confident that its procedure will prove 
safe, and that legal precedents established 
for artificial insemination—for example, a 
sperm donor is not held to the rights 
and responsibilities of fatherhood—will 
serve as a guide to disputes over ovum 
transfer. 

FGR is now considering two complemen¬ 
tary options for marketing ovum transfer. 
One would involve licensing its technology 
to free-standing or hospital-based fertility 
clinics to use as one among several options 
available to patients; the 130 in vitro clin¬ 
ics in the U.S. are one potential group of 
customers. 

Another, more ambitious possibility is 
for FGR itself to establish “full-service” 
fertility clinics at hospitals. “Reproductive 
technologies have merged more quickly 
than anyone expected,” says Lorraine 
Maxfield, analyst with Paulson Invest¬ 
ment (Portland, Ore.). She estimates the 
potential market for such techniques at 
$400-475 million annually. “So it now 
makes sense to position ovum transfer as 
one of the choices—but not necessarily 
the only choice—open to infertile cou¬ 
ples.” □ —Jeffrey L. Fox 












Get the Courier HST 
9600-bps modem. 
Then watch the rest of 
the world play catch-up. 
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USRobotics new high speed 
technology delivers over 1,000 
characters/second on more dial-up 
phone lines. For less than $1,000. 

The new Courier HST (High Speed 
Technology) dial-up modem combines four 
great ideas that add up to a new standard for 
personal computer data communications. 
It's fiill-duplex, with high speed (9600- 
bps) and low speed (300-bps) channels- 
automatically assigning the high speed 
channel direction. This asymmetrical 
solution avoids the problems of echo¬ 
cancelling technology or inefficient 
half-duplex schemes. 

The most powerful data signalling tech- 
nique-Trellis Encoded Modulation-lets 
Courier HST achieve maximum speed over 
a much wider range of phone line condi¬ 
tions than other 9600-bps modems. 

A unique error- and flow-control method 
allows Courier HST to send up to 1,100 
characters a second over long distance 
phone connections. 

It's familiar as any 2400- and 1200-bps 
modem. Same features, commands and, 
in most cases, the same software. In fact. 
Courier HST automatically falls back to 
2400, 1200 and 300-bps, connecting you 
with nearly all modems. 

High speed. High accuracy. High value. And 
a two-year parts and service warranty. Get 
the USRobotics Courier HST, priced under 
$1,000. And watch the rest of the world play 
catch-up. 

CALL 1-800-DIAL-USR 
In Illinois (312) 982-5001 


Yes, please send me your FREE 8-page 
book explaining the new Courier HST and 
today's new high speed technology. 


Address 
City_ 


Business Phone ( 
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8100 McCormick Blvd., Skokie, Illinois 60076. 


















BEULABS 

SPINOFFS 

Former AT&T researchers parlay their technical 
expertise into a broad spectrum of start ups 


By Marian S. Rothenberg 



the labs’ resources. In fact, some say it 
may benefit the overall U.S. economy by 
serving as an effective way to transfer to 
the marketplace those technologies and 
products that might otherwise be neglect¬ 
ed or delayed in the labs. 

When it was a highly profitable monop¬ 
oly, AT&T couldn’t always realize the 
full economic benefits of its labora¬ 
tories’ developments, because the 
company was restricted from en¬ 
tering markets such as comput¬ 
ers and microelectronics. With 
the breakup of the Bell System, 
many of these restrictions were 
lifted, but the company has still 
ad difficulty establishing itself out¬ 
side of its core business: long-dis¬ 
tance telecommunications services 


/ n its constant search for better tele¬ 
communications technologies, AT&T 
Bell Laboratories has generated 
products as diverse and influential as 
the transistor, the laser, the UNIX operat¬ 
ing system, and a test for lead poison¬ 
ing. Less publicized has been 
the laboratories’ role as a 
wellspring from which 


Bell Labs alumni have flowed out to start 
their own entrepreneurial firms. This ef¬ 
fluence of talent from the research facili¬ 
ty is more of a trickle than a torrent, and 
it probably won’t come close to draining 
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and telephone equipment. 

Bell Labs survived the divestiture rela¬ 
tively intact despite cutbacks and re¬ 
trenching at other parts of AT&T. Direct 
comparisons of the Bell Labs research 
budget before and after divestiture are 
difficult, however, because AT&T now 
prefers to talk about total company R&D. 
The Bell Labs research allotment is cur¬ 
rently about 7.5% of AT&T’s $3 billion to¬ 
tal R&D budget, estimates Amo Penzias, 
VP for research at Bell Labs; before dives¬ 
titure, the research funding was about 
10% of Bell Labs’ $2 billion overall bud¬ 
get. So funding remains high, and the 
labs continue to work at the forefront of 
many research disciplines. But a growing 
number of its scientists have elected to 
take their expertise directly to the mar¬ 
ketplace via the products of their own 
spinoff firms. 

These firms are engaged in a range of 
activities, including fiber optics, advanced 
semiconductor fabrication, and enhanced 
network services. Likewise, their 
founders left Bell Labs for a variety of 
reasons, although all obviously saw mar¬ 
ket opportunities for certain evolving 
technologies. The founders also share 
strong technological credentials, with 
which they’ve been able to lay the ground¬ 
work for their new firms. 

Still, despite the technological smarts 
and the prestige that people can gain 
from a stint at Bell Labs, much of the ven¬ 
ture capital community is adopting a wait- 
and-see attitude toward the start-ups’ 
chances. Bell Labs people are “some of 
the smartest people in the world,” says 
Douglas Carlisle, a general partner with 
Menlo Ventures (Menlo Park, Cal.), who 
notes that they also seem very committed 
to the work ethic. However, he cautions, 
they often don’t have much experience in 




soliciting and acting upon marketplace 
feedback or in supporting products. And 
few have ever managed a business; rath¬ 
er, their programs were considered “loss 
centers” and were simply given a budget. 
On the plus side, says Carlisle, “they are 
good at estimating costs and manpower.” 
He believes that this knowledge must be 
supplemented with management experi¬ 
ence and by an understanding of the fi¬ 
nancial realities of profit and loss and 
cash flow. 

Harry Edelson, a general partner with 
Edelson Technology Partners (Saddle 
Brook, N.J.), agrees: “We like to see Bell 
Labs people teamed up with people who 
have small-business experience.” Still, he 
has been impressed by the founders’ unri¬ 
valed technical expertise; he estimates 
that Bell Labs people may have $20-30 
million worth of knowledge invested in 
them. Nevertheless, says Edelson, much 
of this knowledge is based on the require¬ 
ments of the telephone industry and the 
defense market and may not be applicable 
in other industry sectors. 

T^\ UILDING A TEAM. One start-up 

I J that, took the venture capitalists’ 

I I advice to heart was Silicon Design 
JL-/ Labs (SDL), which recruited a mar¬ 
keting manager from Apple Computer to 
join the other four founders, all former 
Bell Labs researchers in computer tech¬ 
nologies. Hal Alles, SDL’s VP of integrat¬ 
ed circuit design, had been at Bell Labs 
for 11 years. He had been director of com¬ 
puting technology research for two years, 
when he left in February 1983 to found 
the company. Three of the other co¬ 
founders—Misha Buric, Carl Christensen 
and Tom Matheson—had collaborated on 
PLEX, a research project aimed at com¬ 
puterized automation of integrated cir¬ 


cuit design. Founded with a goal of pro¬ 
ducing design software for the custom 
chip market, SDL merged with Silicon 
Compilers (San Jose, Cal.) in March of this 
year to form a new company, Silicon Com¬ 
piler Systems. 

Before leaving Bell Labs, says Alles, “I 
was taking a number of the technologies 
we had in research and trying to find an 
application for them.” But he ran into 
myriad reasons why these technologies 
couldn’t be transferred into development 
organizations. He felt frustrated at not 
seeing the work of his own laboratory put 
to use, and he believed that AT&T as a 
whole would have a difficult time adapt¬ 
ing to the new competitive environment 
that came with divestiture. The four Bell 
Labs staffers decided to form a company 
to serve the IC design market, which they 
expected to be a strong one. 

From the beginning, the SDL plan 
called for flexibility. “Anytime you devel¬ 
op a company to serve a market,” says 
Alles, “you don’t really know what you 
have until you go out and test the mar¬ 
ket.” Because of the founders’ limited 
business experience, they took on Peter 
Rip, the Apple marketing manager, as a 
fifth cofounder. They have since added 
other management personnel with a 
range of corporate backgrounds. 

SDL’s goal was to automate every stage 
of integrated circuit design—from the ini¬ 
tial concept of the chip’s function to the 
physical layout of the transistors, with 
simulation and testing tools for every 
step, according to Alles. The firm’s most 
comprehensive product 
Development Tools), is 
for experienced IC desigi 
working for semiconductor 
ers. GDT includes a “silicon 
piler,” which captures the 
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veteran designers so that a single IC lay¬ 
out can be reused to generate customized 
versions of the chip. But to remain flexi¬ 
ble in response to market demands, says 
Alles, SDL has structured its product line 
so customers can buy the piece that fits 
their needs. The company also provides 
design services for the booming applica¬ 
tion-specific integrated circuit (ASIC) in¬ 
dustry. 

OT INVENTED HERE. Whatev¬ 
er their reasons for leaving Bell 
Labs, most of the new entrepre¬ 
neurs feel it was a good place to 
work. “The best decision I ever made was 
to go to Bell Labs,” says Raymond Din¬ 
gle, president and CEO of Gain Electron¬ 
ics. In particular, he applauds the Bell 
Labs policy of moving people around to 
broaden their scientific knowledge. Nev¬ 
ertheless, he says, “the next best decision 
I ever made was to leave.” He departed 
because AT&T appeared unable to decide 
whether or not to capitalize on work in his 
field—gallium arsenide (GaAs) devices. A 
self-styled risk taker, Dingle says he’s 
“convinced that there’s a commercial 
marketplace for these products. This is 
the acid test—to get out there and find 
out.” 

One Bell Labs characteristic Dingle 
criticizes is “NIH,” or “not invented 
here”—a prejudice against technology or 
ideas that didn’t originate within the labs. 
Repudiating this attitude, Gain was able 
to manufacture its first commercial prod¬ 
uct, an ASIC chip set aimed at a segment 
of the instrumentation business, even be¬ 
fore its 8000-square-foot cleanroom was 
built; the company used the facilities of a 
“friendly foundry.” Dingle cites this as an 
example of the “you don’t have to invent 
everything yourself” principle. “Our job 
in this new business is to commercialize 
something and earn a profit.” 

Dingle, an Australian-born chemist, 
came to Bell Labs in 1967. He moved 
through various research disciplines, 
helping to build an early molecular-beam 
epitaxy machine for materials research, 
then using it to grow semiconductor films 
just a few angstroms thick (one angstrom 
equals one 10-billionth of a meter). In 1979 
he transferred to development and used 
the films to build devices that allowed the 
speeded-up flow of electrons; in 1983, Bell 
Labs made him a Fellow for his work on 
these fast GaAs transistors. (The Fellows 
program rewards those who have made 
major contributions to R&D.) In August of 
the following year, Dingle left to found 
Gain, receiving support from Mitsui, a 
Japanese trading company, as well as 
some U.S. venture capital. 

In addition to Dingle, Gain’s manage¬ 
ment now includes several others from 
Bell Labs. Russ Buckley, vice-president 
of operations, came directly from 20 years 


as a Bell Labs industrial chemist; Charles 
Lee spent 11 years there working on mi¬ 
croprocessor design. He then worked for 
two years at Bell Communications Re¬ 
search, the research arm of the divested 
Bell Operating Companies, before mov¬ 
ing to Gain. 

Gain hasn’t severed all ties with 
AT&T—it holds a patent license agree¬ 
ment with the company, covering all 
GaAs and lightwave-device technology. 
In addition, the firm has a technology 
transfer agreement with Japan’s Nippon 
Telegraph & Telephone. By the end of 
this year, Gain expects to have built 4-kil- 
obit GaAs memory chips based on NTT 
technology. 

Z IMITED OPPORTUNITIES. A di¬ 
rect counterpoint to Dingle’s experi¬ 
ence at Bell Labs is that of Raymond 
Jaeger, who left in 1976 and is now 
president of Spectran, the publicly traded 
fiber optics company he founded in 1981. 
Jaeger felt that his work in fiber optics 
was too much a part of the mainstream at 
Bell Labs, so there were few available 
management positions. 

Jaeger, who came to Bell Labs in 1959 
with an undergraduate degree in ceramic 
engineering, benefited from a tuition re¬ 
imbursement and work support program 

1 'The best decision I ever 
made was to go to Bell 
Labs. The next best 
decision was to leave ." 


leading to a PhD in 1967. He worked in all 
aspects of Bell Labs’ optical fiber re¬ 
search program. Looking back on those 
days, he recalls, “We had a lot of competi¬ 
tion for patents, internal and external.” 
He helped develop a practical process for 
making optical fibers, and was impatient 
to follow this fiber work out of research 
and into the development process. 

But management did not follow up on 
his request, says Jaeger, so in 1976 he 
took advantage of a chance to become di¬ 
rector of research at Galileo, an American 
Optical Corp. spinoff that was entering 
the optical communication business. By 
1981, that market was on the verge of a 
boom, but Galileo’s owners were about to 
sell off the division. As a result, Jaeger 
left and, with two colleagues, founded 
Spectran. His time at Galileo was a transi¬ 
tion period, giving him the chance to learn 
small-business skills and gain experience 
in production and customer service. 

Another researcher who served an ap¬ 
prenticeship at an interim company be¬ 
fore starting his own was C. J. Hwang, 
who worked on lasers at Bell Labs from 


1966 to 1973. Although he knew that he 
wanted to start his own company, Hwang 
went first to Hewlett-Packard in order to 
gain experience in transferring a product 
from research to production. In June 
1977, after four years, he left to found 
General Optronics, a fiber optic compo¬ 
nent business. Hwang and a partner were 
financially backed by Insilco (Internation¬ 
al Silver Co.). 

TUMBLING BLOCKS. For at least 
one Bell Labs alumnus, the path to 
entrepreneurship had some stum¬ 
bling blocks of AT&T manufacture. 
Lytel, a maker of semiconductor compo¬ 
nents for fiber optic communication, was 
incorporated in 1983, when founder Eu¬ 
gene Gordon retired from his job as direc¬ 
tor of fiber optic device development at 
Bell Labs. (AT&T employees can retire 
with full pension rights at 55 if they 
have been with the company at least 20 
years.) 

Gordon’s career at Bell Labs, which he 
began in 1957 with a PhD in physics from 
MIT, included work on the first gas lasers, 
medical lasers, and technology for semi¬ 
conductor manufacture. In the ’70s he 
held a position that required him to act as 
a liaison between component developers 
and system designers, and in this role 
Gordon acquired business skills such as 
performing cash flow analyses and reach¬ 
ing make/buy decisions. “Of all the jobs I 
had at Bell Labs,” he says, “that was 
probably the one I was least suited to do 
in terms of qualification and training, and 
the one I did best.” 

In 1983, four years after returning to a 
technical job, Gordon decided to retire 
early and go into business on his own. He 
arranged backing from AMP Corp. (Har¬ 
risburg, Pa.), but Lytel’s entry into the 
market was delayed by a threatened 
AT&T legal action. This was resolved in 
1984 when Lytel and AT&T agreed to arbi¬ 
trate any future claims about proprietary 
information, and Gordon agreed not to so¬ 
licit any Bell Labs employees for a year. 
In April 1987, AT&T and Lytel signed a 
patent cross-licensing agreement for fi¬ 
ber optic components and systems. 

Conflicts with entrepreneurial former 
employees over how to handle propri¬ 
etary information and other isues are of 
constant concern at Bell Labs. All man¬ 
agement employees sign an agreement 
that “reflects the long-standing policy 
and practice of AT&T that intellectual 
property generated by such employees 
during the course of their employment be¬ 
longs to AT&T,” according to a company 
spokesperson. 

When they leave, employees are re¬ 
minded of their obligation to continue to 
“safeguard AT&T proprietary informa¬ 
tion.” But this restriction does not extend 
to the employee’s “general knowledge, 
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L-r: Charles Lee, Raymond Dingle, and 
Russ Buckley in Gain Electronics’ soon- 
to-be-completed cleanroom facility. The 
company will produce high-speed chips 
based on gallium arsenide technology. 


Before his start-up firm, 
Lytel, could begin pro¬ 
ducing its fiber optic 
products, Eugene Gordon 
first had to resolve a 
legal action initiated 
by AT&T, his former 
employer. 


skill, and experience.” As a rule, employ¬ 
ees who start up companies are not specif¬ 
ically deterred from hiring other Bell 
Labs employees—within limits. “If some¬ 
one does start hiring a lot, then we would 
handle it on a case by case basis,” says 
the spokesperson. 

AT&T continues to grant licenses for 
many of its patents, but is no longer com¬ 
pelled to do so; the Modification of Final 
Judgment that took effect in 1984 be¬ 
tween the Justice Department and AT&T 
eliminated this requirement of the 1956 
Consent Decree. AT&T, which regards 
patents as assets, evaluates each licens¬ 


ing request on its merits and grants li¬ 
censes only when it finds a business ad¬ 
vantage to doing so. Several of the 
companies founded by Bell Labs alumni 
have been granted AT&T patent licenses, 
as has Lytel. 

Lytel manufactures and sells its de¬ 
vices in a variety of forms, ranging from 
unpackaged components to complete 
transmitter and receiver systems. Cus¬ 
tomers decide what they need, says Gor¬ 
don, but his Bell Labs experience in work¬ 
ing closely with system designers 
sometimes allows him to provide guid¬ 
ance. For example, he is particularly en- 























thusiastic about a new low-cost, low-pow¬ 
er 1.3-micron laser aimed at the local-loop 
portion of the telecommunications mar¬ 
ket. (The local loop is the relatively short 
link between the local telephone office 
and the subscriber.) Because Lytel’s laser 
is more powerful than light-emitting di¬ 
odes, says Gordon, customers can use less 
sensitive receivers, thereby reducing 
overall system cost. 

0 COMPLAINTS. Norman 
Schumaker, the founder of Em- 
core, had no complaints about 
Bell Labs or AT&T. “I think 
we're seeing a new class of technologies 
coming into the marketplace,” he says, 
“and whenever that happens, people like 
me say ‘Let’s give it a shot.’ ” Just as the 


semiconductor era took shape in the ’60s, 
Schumaker sees the ’80s as a time when 
compound semiconductors, fiber optics, 
and enhanced computer technologies are 
poised for rapid growth. 

As a supervisor in the semiconductor 
materials development group at Bell 
Labs, Schumaker realized there was a 
lack of good production equipment for 
fabricating gallium arsenide and other 
compound semiconductor devices. The 
idea of starting a company was always in 
the back of his mind, and Schumaker got 
financially savvy friends to show him how 
to raise the necessary capital. Then he 
and Bell Labs colleagues Richard Stall 
and Wilfried Wagner “just seized the op¬ 
portunity.” 

Schumaker left the labs in October 


1984, having raised about $1 million in 
seed money, to start Emcore as a limited 
partnership. The company builds metal- 
organic chemical vapor deposition 
(MOCVD) systems for epitaxial wafer 
growth of compound semiconductors 
(HIGH TECHNOLOGY, Feb. 1986, p. 71, 
and March 1987, p. 38). Schumaker says 
he and his colleagues realize that they 
don’t know all there is to know about ev¬ 
ery aspect of the business, “so we go out 
and find the specialists.” 

IVESTITURE FALLOUT. For 
others, it was the breakup of the 
phone company that prompted 
them to reevaluate their posi¬ 
tions at Bell Labs. This was the case with 
Jack Cook, whose decision to leave the 
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labs and start Dorran Photonics, a fiber 
optics company, was sparked by the an¬ 
nouncement of the divestiture agree¬ 
ment. “I recognized that turmoil was 
ahead and that my own personal opportu¬ 
nities were not what they might have 
been,” he remembers. There was to be 
“an exciting time ahead, but I could see 
that I wasn’t going to play one of the ex¬ 
citing roles.” 

Cook retired from Bell Labs in 1982 and 
formed Dorran Photonics in May of that 
year. He knew that Western Electric, 
then the manufacturing arm of AT&T, had 
not yet managed to license an innovative 
fiber optic connector technology to a sec¬ 
ond manufacturing source. Upon his re¬ 
tirement, Cook immediately licensed the 
patents and, with money from family and 


Part of an earlier exodus from Bell Labs, C. J. Hwang 
left in 1973. Before founding General Optronics, he 
spent four years at Hewlett-Packard gaining the skills 
needed to run his own company. 



friends, started Dorran. The company 
manufactures connectors for single-mode 
fiber—the type now most widely used in 
telephony applications—and sells them 
largely to the regional Bell operating 
companies. 

Some aspects of the new business, such 
as learning about manufacturing, were 
demanding for Cook. “Just establishing 
the regimentation, the training, and the 
production criteria is a real chore,” he 
says. Last December the company be¬ 
came a wholly owned subsidiary of 3M 
and is now called Dorran/3M; Cook has 
been made technology manager of the 
R&D division. 

LECTROPOLITICAL ISSUES. Ti- 

bor Szekeres had a much shorter 
career at Bell Labs than some of 
the other alumni-entrepreneurs. 
He left his job as a supervisor in 1982, af¬ 
ter six years of working on a variety of 
transmission systems. He quit largely be¬ 
cause he disliked spending time on “elec¬ 
tropolitical issues” such as internal power 
struggles rather than on technology mar¬ 
kets. When he formed his company, says 
Szekeres, he “bootstrapped from zero.” 

The company, General Communica¬ 
tions Corp., is aimed at the infant Inte¬ 
grated Services Digital Network (ISDN) 
market. Worldwide ISDN standards are 
still being defined, but are intended even¬ 
tually to allow simultaneous transmission 
of voice, data, and video traffic along a 
common digital link. Szekeres’s company 
develops terminals, controllers, and mi¬ 
crocomputer interfaces, all aimed at mak¬ 
ing existing customer equipment compati¬ 
ble with ISDN. His customers, he says, are 
network and system integrators. 

Like many of his fellow Bell Labs alum¬ 
ni, Szekeres, who serves as VP of engi¬ 
neering, takes pride in paying attention to 
customer needs. He spent six months 
evaluating what people wanted and how 
much they were willing to pay. “Our prod¬ 
ucts are low-risk for the customer,” he 
says, claiming that they can be used now, 
before ISDN is fully implemented, and 
continue to be useful regardless of how 
the standards evolve. The company’s first 
ISDN-compatible product was shipped in 
late October. An earlier product, for moni¬ 
toring telecommunications performance, 
has been providing revenue for two 
years. 


AVOSS (short for “added value operat¬ 
ing support systems”), founded in 1985 by 
Jim Ritchey, is also a child of AT&T’s 
breakup. Ritchey started developing tele¬ 
phone sets at Bell Labs in 1959. He retired 
in 1982 as head of a department working 
on telephones for Charge-a-Call. With di¬ 
vestiture and deregulation, he saw an op¬ 
portunity to provide enhanced services, 
such as voice store-and-forward, over 
telephone networks. 

Ritchey, now president, and a part¬ 
ner—who had helped plan networks that 
allow Cincinnati Bell-area businesses to 
offer call-in services—have developed a 
prototype product: a network node sys¬ 
tem that will give advertisers and other 
information providers access to the cus¬ 
tomers of telephone networks. “Our po¬ 
tential partners,” says Ritchey, “are the 
Bell operating companies, the indepen¬ 
dent telephone companies, and the long¬ 
distance companies.” Although the com¬ 
pany has no firm contracts, he says, 
negotiations continue and products could 
be delivered in the fourth quarter of 1987. 

r IME FOR A CHANGE. A more re¬ 
cent member of the alumni-entre- 
preneur club is Martin Lepselter, 
who retired last December after 
29 years at Bell Labs to found Lepton. 
Lepselter had been director of the Ad¬ 
vanced VLSI Development Lab; his expe¬ 
rience runs from basic device research 
through the entire range of semiconduc¬ 
tor technology. His decision for leaving 
was unrelated to divestiture or dissatis¬ 
faction with the company, he says. Rath¬ 
er, “after 29 years, I just felt it was time 
to do something else.” 

Lepton will build electron beam sys¬ 
tems for covering semiconductor wafers 
with the submicron patterns needed for 
the next generation of high-speed inte¬ 
grated circuits. He claims that this equip¬ 
ment will be capable of 3 / 8 -micron 
linewidths (the best semiconductor de¬ 
vices now commercially available have 
linewidths about twice that), will be eco¬ 
nomically competitive, and will be com¬ 
patible with existing equipment. He sees 
the potential market as encompassing all 
semiconductor manufacturers, including 
some future entrants that may incorpo¬ 
rate specifically to exploit Lepton’s tech¬ 
nology. With this technology, declares 
Lepselter, vertically integrated electron- 
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Bell Labs’ Penzias says 
the AT&T divestiture 
merely hastened the 
departure of employees 
who would have quit 
anyway. Still, most have 
left for positive reasons, 
he says, rather than be¬ 
cause of dissatisfaction 
with Bell Labs. 


BELL LABS SPINOFFS/FOUNDERS 

AV0SS 

General Optronics 

Two Olsen Ave, Edison, NJ 08820, 

(201) 549-9000 

C. J. Hwang, President 

120 Forest Knoll Ln„ Noblesville, IN 

46060, (317) 849-4045 

Jim Ritchey, President 

nnrran/3M 

Lepton 

Summit, NJ, (201) 273—4197 

Martin Lepselter, President 

Lightwave Technologies 

81 First Ave., P.O. Box 304, Atlantic 
Highlands, NJ 07716, (201) 291-8448 

Jack Cook, Mgr. Technology R&D Div. 

6737 Valjean Ave, Van Nuys, CA 

91406, (818) 786-7873 

Frank Dabby Chairman 

Lytel 

111 Corporate Blvd., P.O. Box 663, 

South Plainfield, NJ 07080, (201) 

753-1311 

Norman Schumaker, Chm. & Pres. 

Richard Stall, VP, Materials Devel. 

Wilfried Wagner, VP, Systems Devel. 

61 Chubb Way, P.O. Box 1300, Somer : 
ville, NJ 08876, (201) 685-2000 

Eugene Gordon, Chairman 

Silicon Compiler Systems 

645 Martinsville Rd, P.O. Box 16, 

Liberty Corner, NJ 07938, (201) 

580-010? 

22 Chubb Way, P.O. Box 921, Somer¬ 
ville, NJ 08876, (201)526-7111 

Raymond Dingle, President & CEO 

General Communications . 

•Hal AHes, VP, 1C Design 

Misha Buric, VP, Engineering 

Carl Christensen, Dir., Verification 

Tom Matheson, Dir., CAD 

Central Monmouth Business Park, 1433 
Rte. 34, So. Bldg. A, Farmingdale, NJ 
07727, (201) 938-6560 

Tibor Szekeres, VP, Engineering 

Spectran 

50 Hall Rd, Sturbridge, MA 01566, 

(617) 347-2261 

Raymond Jaeger, President 

• These tour officers founded Silicon Design Labs, which merged with Silicon Compilers to form Silicon Compiler Systems. 


ics companies will be able to manufacture 
their own chips. 

ARLIER EXODUS. The current 
wave of Bell Labs spinoffs was 
preceded in the 1970s by a spate of 
resignations as people left to start 
fiber optics companies. Some, such as Jae¬ 
ger and Hwang, served interim appren¬ 
ticeships at other companies before strik¬ 
ing off on their own. Others, however, 


were able to jump directly from the labs 
into entrepreneurial ventures. 

At the time, fiber optics technology was 
on the verge of commercial application. 
Investment capital was not readily avail¬ 
able, but back then fiber optics was not a 
very capital-intensive business. One of 
the start-up companies, Fiber Communi¬ 
cation, could be capitalized at less than 
$70,000, partly from home mortgages. To 
Frank Dabby, one of the founders, leav¬ 



ing Bell Labs at that time and starting a 
company seemed natural. Bell Labs had 
ended the project he was working on and, 
he says, “if you’ve got an idea and you 
want to pursue it, the idea becomes the 
motivation—and you make money along 
the way.” 

In 1979, Dabby sold his interest in the 
company, by then merged into Times Fi¬ 
ber Communication (Wallingford, Conn.), 
and in 1980 he began a second fiber com¬ 
pany, Lightwave Technologies. Now the 
fiber business in general has evolved to 
the point where it involves considerable 
capital demands, and Dabby is seeking in¬ 
vestors. 

While these earlier departures from 
Bell Labs occurred in response to the fiber 
optics boom, some of the more recent spin¬ 
off activity was prompted by divestiture. 
Penzias at Bell Labs plays down the sig¬ 
nificance of this latest wave, describing di¬ 
vestiture as merely “a precipitating 
event.” Some people who might have gone 
out in 1987 or 1988, or even 1990, he con¬ 
tends, simply left earlier. “We’re doing 
what Fairchild and Hewlett-Packard did 
for Silicon Valley,” he says. “If a lot of our 
people left for jobs just like Bell Labs 
someplace else, I would worry. But if they 
leave to become university professors, or 
to start their own companies, then they’re 
leaving for positive reasons, not negative 
ones.” 

Meanwhile, there is some evidence that 
AT&T itself recognizes the advantages of 
an entrepreneurial approach in order to 
transfer new technologies to the market 
rapidly. For the past few years, the com¬ 
pany has financed several “intrapreneur- 
ial” activities—businesses that operate in 
a quasi-independent fashion within the 
corporation. Originally grouped under the 
title of “new ventures,” these activities 
are usually based on Bell Labs technolo¬ 
gies that appear to have commercial po¬ 
tential in areas that lie outside the main¬ 
stream of AT&T’s activity. Examples 
include systems for computerized speech, 
medical diagnostics, medical record keep¬ 
ing, and computer graphics. The head of 
each new venture is responsible for all as¬ 
pects of the business, including product 
development, marketing, and sales. 
Through this approach, AT&T may be able 
to keep some of the more enterprising 
Bell Labs employees in-house, and may 
also provide more competition to those 
who have chosen to start companies of 
their own. □ 

Marian S. Rothenberg founded a high 
tech public relations firm, in Mont¬ 
clair, N.J., after spinning off from Bell 
Labs and AT&T. 


For further information 
RESOURCES, p. 66. 



22 HIGH TECHNOLOGY/JUNE 1987 






















SUN ID 
ATHEATER 
NEAR YOU 


To hold its own against advances in 
consumer electronics, the film industry is 
working on new ways to dazzle the eyes 
and ears of moviegoers. America's main- 
street cinemas have already started 
converting to taller screens, novel 
projection systems, and digital sound. And 
the "special-venue" theaters at museums 
and other sites are more exotic still. 



UPGRADING 

THE MAIN-STREET CINEMA 


By Hugh Aldersey-Williams 


A merican motion picture atten- 
/I dance has held steady over the 
r ~I last 10 years, and revenues in the 
JL JL film industry have actually risen, 
thanks to increased ticket prices. Still, in 
spite of statistics, producers and theater 
owners fear that the number of moviego¬ 
ers may decrease in coming years unless 
films become more technologically com¬ 
petitive with home entertainment media. 

In addition to facing pressure from ca¬ 
ble television and videocassette record¬ 
ers, moviemakers must cater to a clien¬ 
tele that’s becoming accustomed to the 
high-fidelity sound of compact discs and 
that will soon be enjoying high-definition 
television. In response, the film industry 
is developing ways to improve picture 
quality. Moviegoers will see sharper im¬ 
ages, in some cases on much larger 
screens. And sound quality is set to ad¬ 
vance as researchers perfect methods for 
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encoding digital soundtracks directly on 
film. 

C ATCHING up. The film industry 
has never been very technology- 
minded. Only a fraction of the re¬ 
search by members of the Society 
for Motion Picture and Television Engi¬ 
neers (SMPTE), based in Scarsdale, N.Y., 
is devoted to film rather than TV. The last 
major improvement in movies was the in¬ 
troduction of higher-resolution, 70-mm- 
wide film way back in 1956. But even to¬ 
day, more than 90% of movies are still 
shot on narrower, 35-mm film. Mean¬ 
while, a few specialized technologies, in¬ 
cluding Imax, Omnimax, and Showscan 
(see accompanying article), have emerged 
as the only dramatic advances in motion 
pictures. But their use is limited, largely 
because they require expensive projec¬ 
tors and exotic theaters to show films 
shot with specialized equipment. 

Rather than moving to such exotic sys¬ 
tems, the industry is beginning to im¬ 
prove the motion picture quality of Amer¬ 
ica’s main-street theaters (there are 
nearly 23,000 movie screens nationwide) 
in increments that don’t require large in¬ 
vestments in new equipment. For exam¬ 
ple, digital movie sound now under devel¬ 
opment will use the same space along the 
side of movie film that currently carries 
analog soundtracks. Also, the SMPTE is 
considering a new standard that would 
raise the film speed at which movies are 
shot and projected. Some of these 
changes could be made simply by modify¬ 
ing existing equipment. 

Improving movie quality through rela¬ 
tively inexpensive alterations is the strat¬ 
egy being pursued by FuturCinema Sys¬ 
tems. The company’s FuturVision 360 
system was recently installed in Manhat¬ 
tan and the Meadowlands, N.J., by Loews 
Theaters, a leader in first-run movie 
houses, of which it owns about 300. The 
FuturVision system uses custom optics, 
electronic audio processing equipment, 
and a brighter light source. It also re¬ 
quires a larger screen. All these features 
can be retrofitted to existing facilities, 
making FuturVision much simpler and 
cheaper than more revolutionary special 
presentation systems, says FuturCinema 
president Eric Knutsen. “It has the tre¬ 
mendous advantage of being able to use a 
standard 70-mm projector,” he says. 

One aim of FuturVision is to achieve an 
effect of “picture dominance” through a 
screen image that is up to four times as 
big as with conventional 35-mm projec¬ 
tion, mostly through added height rather 
than width. The larger picture fills a view¬ 
er’s field of vision more completely, pro¬ 
ducing a more captivating effect. 

To create the taller picture, filming is 
done with a specially designed anamor- 


phic lens from Panavision. Anamorphic 
lenses, which provide different powers of 
magnification in different directions, 
have long been used to stretch film im¬ 
ages horizontally. But the new lens works 
vertically; it compresses the picture by 
about 50% from top to bottom, thereby 
distorting the image to fit it onto a stan¬ 
dard 70-mm film frame. In the theater, an 
anamorphic projector lens—designed by 
Isco, a German affiliate of Optical Radia¬ 
tion Corp.—then expands the vertical 
component of the images without distor¬ 
tion onto the enlarged screen. FuturCin¬ 
ema describes the processed image as 
“companded,” meaning “compressed and 
expanded.” 

What’s more, FuturVision films are 
shot and prbjected at a faster frame 
rate—30 frames per second (fps), instead 
of the standard 24. This reduces the famil¬ 
iar effect known as flicker, created when 
the shutter blacks out the projector while 
the film is spooled to the next frame. To 
minimize flicker, both FuturVision and 
conventional projectors show each film 
frame twice via a second shutter blade 
that closes and opens over each frame be¬ 


many filming operations. For example, a 
film director’s “rushes” (the first rough 
sequences) are often recorded on video, 
because it costs less. If film and video 
used the same sampling rates, such video 
action might be more easily edited into 
filmed sequences in movies and commer¬ 
cials. This would apply equally to comput¬ 
er-generated special effects, which also 
use 30-fps sampling. While he does not 
say when a new film standard may be 
adopted, DiGiulio is “encouraged by the 
fact that we are seeing serious interest in 
this, not only from producers but also 
from theater owners. They recognize that 
improvements like this will bring people 
into the theater.” 

Z OUD AND CLEAR. The more immedi¬ 
ate problem facing movie houses, 
however, is not pictures but sound. 
Although film sound is usually in 
multitrack stereo or even more elaborate 
formats, its ratio of signal to noise (audi¬ 
ble electrical interference) is often poor. 
Now, with digital sound becoming com¬ 
monplace in homes, “people are going to 
expect higher-quality sound from mov¬ 


ln addition to reducing flicker and allowing brighter 
illumination, a film speed of 30 frames per second 
would make movies compatible with video, allowing 
the two media to be merged more easily. 


tween spooling, thus doubling the projec¬ 
tion rate. FuturVision produces an even 
steadier picture, projecting what amounts 
to 60 images per second, versus the stan¬ 
dard 48. 

Since FuturVision cuts flicker, a 
brighter projector lamp can be used for 
better illumination; at the standard pro¬ 
jection rate, a brighter lamp would make 
flicker too noticeable. Moreover, grain on 
the film appears less obvious at the high¬ 
er rate, because the eye is better able to 
average the random grain patterns on 
each frame. Finally, rapid-action images 
appear sharper because the moviemaking 
camera operates at a faster frame rate. 
“You have a brighter, more realistic pic¬ 
ture with better color saturation,” claims 
Knutsen. 

FuturCinema isn’t the only one to see 
the advantages of switching to 30 fps. 
The feasibility of the faster rate is being 
studied by a special committee of SMPTE, 
headed by its film engineering director, 
Edmund M. DiGiulio of Cinema Products 
Corp. In addition to improving the visual 
quality of films, says DiGiulio, the faster 
rate will make motion pictures more com¬ 
patible with the standard video sampling 
rate of 30 images per second, simplifying 


ies,” says Ronald E. Uhlig, group leader 
of electronic development of Eastman- 
Kodak’s motion picture and audiovisual 
products division. 

To date, most digital movie sound, like 
that in the rerelease of Walt Disney’s 
Fantasia, has used a separate, nonsyn- 
chronized soundtrack: the data are not en¬ 
coded directly onto the film, as with con¬ 
ventional, analog soundtracks, but on a 
separate medium such as compact disc. A 
drawback of this method is that sound 
may go a few frames out of sync with the 
screen action, a mismatch that would be 
unacceptable in films with close-up speak¬ 
ing shots. 

A step toward synchronized digital 
sound was the mid-1986 release of Home 
of the Brave, a concert film by perfor¬ 
mance artist Laurie Anderson. Although 
the film uses a separate digital sound¬ 
track played on a specially modified video¬ 
cassette recorder, audio keeps pace with 
the film through a time-control code on 
the sound tape that’s constantly com¬ 
pared with a corresponding timing code 
on a magnetic stripe on the film. Receiv¬ 
ing the time data from both film and 
soundtrack, a FuturVision audio proces¬ 
sor speeds up or slows down the tape to 
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Kodak's Ronald Uhlig says audiences accustomed to hi-fi audio in the home expect quality sound from cinemas. 


match it precisely with the film. The re¬ 
sulting eight-track digital sound heard in 
the theater approaches compact disc qual¬ 
ity with a dynamic range nearly double 
that of conventional movie sound, says 
Knutsen. 

Recording the soundtrack apart from 
the film poses problems other than syn¬ 
chronization—for instance, film reels and 
sound tapes may even get separated dur¬ 
ing shipment to a theater. “The only way 
you’re going to get acceptance is to put 
the sound on a digital optical track on the 
film itself,” says Tore Nordahl of Mitsubi¬ 
shi’s Pro Audio Group. This integrated 
approach is being taken by both Mitsubi¬ 
shi and Kodak. 

Generally, digital recorders sample the 
sound 48,000 times per second—slightly 
faster than compact discs’ sampling rate 
of 44.1 kilohertz—and assign a 16-bit digi¬ 
tal representation to the sound level of 
each sample. On an optical soundtrack the 
binary bits will be represented as either 
exposed (transparent) or unexposed 
(opaque) pixels on a 0.2-inch-wide strip be¬ 
tween the movie frames and the sprocket 
holes, where analog soundtracks are cur¬ 
rently placed. When the film is shown, a 
light will project the bit pattern onto an 


optical reader, which will transmit the 
data through a digital decoder to the the¬ 
ater’s audio system. To record the bits on 
the film, Kodak is experimenting with a 
linear array of light-emitting diodes, 
switched on and off by the audio sig¬ 
nal processor as the film spools over the 
array. 

One snag facing digital soundtracks is 
that recording multiple channels with er¬ 
ror correction codes generates so much 
data that pixels as small as 10 microns 
('/2500 inch ) across must be used for re¬ 
cording. Tests are under way to deter¬ 
mine if movie-film resolution is fine 
enough to accurately carry such tiny pix¬ 
els. The small bit size also makes the 
soundtrack difficult to read during projec¬ 
tion. The film may run at an uneven veloc¬ 
ity and weave from side to side, especially 
in older projectors. While this isn’t notice¬ 
able on the screen, shifts exceeding the 
10-micron bit size may introduce errors 
during reading. “The main technical prob¬ 
lem is mechanical stability of the play¬ 
back equipment,” says Mitsubishi’s Nor¬ 
dahl. He says most existing projectors 
would have to be replaced. Mitsubishi is 
designing projection equipment adapted 
from its existing professional audio pro¬ 


cessors and its Westrex-label analog opti¬ 
cal sound recorders currently used in film 
studios. 

To solve the film weaving problem, Ko¬ 
dak is experimenting with a linear scan¬ 
ning array of 512 charge-coupled devices, 
or CCDs (solid-state image sensors), to 
read the digital soundtrack. Since the ar¬ 
ray is slightly wider than the sound stripe 
on the film, it can read the data in spite of 
lateral shifts. A row of reference bits on 
the soundtrack permits the signal proces¬ 
sor to track the data channels continuous¬ 
ly as their position across the CCD array 
varies. 

Other research at Kodak centers on the 
film. “Our first concern is whether or not 
film has the resolving power,” says Uhlig. 
“Another concern is whether dirt, 
scratches, and wear characteristics of the 
film will interfere.” Working with Show- 
scan Film, a supplier of special-venue the¬ 
ater equipment, Kodak has developed an 
experimental system that reads 6.9 mil¬ 
lion bits per second. What makes this pos¬ 
sible is the wider soundtrack band on 
Showscan film; it has room for 156 col¬ 
umns of 32-micron bits. Also, Showscan 
films are projected at 60 fps, permitting 
some 44,000 rows of bits to pass the opti- 
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KODAK'S OPTICAL SYSTEM FOR DIGITAL SOUNDTRACKS 


3. Charge-coupled device 
reads grid, sending output 
to sound system 



1. Optical binary notation stored 
as grid pattern directly on film 


cal reader each second. 

The challenge, says Uhlig, is to get suf¬ 
ficient data onto a standard 35-mm film 
moving at 24 fps. Preliminary tests have 
shown that Kodak motion picture film is 
probably capable of the 10-micron resolu¬ 
tion demanded by the smaller film for¬ 
mat. Also, the company is attempting to 
reduce the number of soundtrack bits by 
using a lower sampling rate—32 kHz— 
and applying data compression tech¬ 
niques to record only eight data bits in¬ 
stead of 16 per sample. 


Film-borne digital soundtracks aren’t 
expected to find their way into movie the¬ 
aters before the end of the present dec¬ 
ade. In the shorter term, however, there 
is much that theaters can do to improve 
sound quality. For example, only a quar¬ 
ter of American movie theaters are 
equipped with Dolby stereo noise reduc¬ 
tion capability, even though most films 
have soundtracks recorded in Dolby. 
More fundamental still, according to loan 
Allen of Dolby Laboratories, is that many 
theaters have such bad acoustics that bet¬ 


ter sound quality would go unnoticed. 
Better noise reduction techniques are fea¬ 
sible, he says, but they would only reduce 
a film’s background noise below the the¬ 
ater’s ambient noise level—including the 
noise from films being played next door in 
many poorly constructed multiplex the¬ 
aters. FuturCinema’s Knutsen acknowl¬ 
edges that only a fraction of America’s 
current movie theaters will benefit from 
better audio, but he hopes that demands 
from moviegoers, as they grow more con¬ 
ditioned to high fidelity through advances 
in consumer electronics, will force more 
and more cinema owners to make im¬ 
provements. □ 

Hugh Aldersey-Williams, who lives in 
New York, is a contributing editor of 
Industrial Design magazine and a 
freelance writer covering science and 
technology. 


For further information see 
RESOURCES, p. 66. 


Digital soundtracks fit handily onto Showscan's 
wide film, hut the trick is to compress 
the data onto standard 35-mm film 
while maintaining the resolution 
necessary for accurate reading. 
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SPECIAL-VENUE THEATERS 

By H. Paris Burstyn 


hile the commercial theater 
business may lag in new 
technology, special-venue 
film is a showcase of ad¬ 
vanced cinema concepts. Like FuturVi- 
sion, the Showscan, Imax, and Omnimax 
methods all attempt to envelop their view¬ 
ers in action—both visual and aural. So 
far the high cost of these techniques has 
limited them to special theaters at places 
like science museums and theme parks. 
However, FuturVision, by attracting cus¬ 
tomers in both commercial and special- 
venue markets, may stimulate wider use 
of the new technologies. Showscan is fol¬ 
lowing a similar strategy, attempting to 
sell its equipment to both commercial and 
special markets. Imax and Omnimax re¬ 
main dedicated to the special-venue mar¬ 
ket, but they are likely to have a rub-off 
effect, leading moviegoers to expect more 
from their main-street cinemas. 

Z ARGER THAN LIFE. Imax Systems 
developed and supports both Imax 
and Omnimax movie technologies. 
Like FuturVision, they rely on giant 
screens to dominate the audience’s view¬ 
ing field. Imax theaters have flat rectan¬ 
gular screens as large as 95 feet wide and 
70 feet high; conventional screens for 
showing 70-mm films average about 34 by 
16 feet. Omnimax movies are viewed in 
dome-shaped theaters up to 85 feet in di¬ 
ameter, producing a picture that wraps as 
much as 180° horizontally around the audi¬ 
ence, 100° above the horizon, and 22° be¬ 
low it. Omnimax uses special fish-eye 
lenses for both camera and projector to 
adapt the image to the curved format. 

To project such large images, both 
Imax and Omnimax use standard 70-mm 
film that’s turned on its side so it moves 
horizontally rather than vertically 
through the camera during filming and 
the projector during screening. This 
means that individual pictures are orient¬ 
ed from side to side along the film, rather 
than from bottom to top. Each frame is 
about 3 3 /4 inches across, or roughly three 
times the area of regular 70-mm frames. 

Although Imax and Omnimax films run 
at the standard 24 frames per second 
(fps), they must move about three times 
as fast, because of their larger frame 
size. Both the rapid speed and the fact 
that the film moves horizontally would 


cause the film to tear if it were transport¬ 
ed using the conventional “Geneva” tech¬ 
nique, whereby a sprocket reaches 
through the film perforations and pulls 
the next frame down to the projection 
lamp. Instead, Imax Systems uses a “roll¬ 
ing loop” mechanism that snakes the film 
sideways in gentle waves (similar to a cat¬ 
erpillar’s movement) and positions it over 
fixed register pins that align each frame 
in front of the projector lamp. A vacuum 
then secures each frame for projection. 
Rather than reels, the film is spooled onto 
four-foot-diameter platters. 

Imax equipment is housed in the rear of 
the theater, but the fish-eye optics of Om¬ 
nimax demand that the projector be 
placed near the dome’s center. To save au¬ 
ditorium space for seating, film platters, 
control panel, and sound equipment are 
located in a control room in the rear. The 
projector alone intrudes among viewers, 
typically rising on an elevator-like plat¬ 
form after the theater is full. At Boston’s 
Museum of Science, home of the newest 
Omnimax theater, the film’s rolling loops 
snake upward two stories to the projector 
and then undulate the same distance back 


to the take-up platter. 

Brighter projection lamps are needed 
for the larger images. In Omnimax’s 
dome, this creates a problem of cross-re¬ 
flectance: light bouncing off one side of 
the dome may wash out the picture on the 
other side. To prevent this, the screen por¬ 
tion of the dome is shaded light gray. At 
Boston’s science museum, the screen re¬ 
flects only 30% of incident light, so that a 
15,000-watt lamp is required to get bright 
enough images. 

Omnimax and Imax films use a sepa¬ 
rate tape for soundtracks, electronically 
synchronized with the film. Typically, six- 
track sound is broadcast from separate 
speaker clusters located above, behind, 
and on both sides of the screen, as well as 
on the left and right behind the audience, 
creating a surround-sound effect. In it’s 
most advanced version at the just-opened 
Boston theater, the Omnimax sound sys¬ 
tem has 12 channels, 37 individual amplifi¬ 
ers, and 84 speakers in 12 clusters. The 
system’s 12 subwoofer speakers can re¬ 
produce bass at lower-than-audible fre¬ 
quencies—sonics that add to the realism 
by actually shaking viewers. 

The latest Imax Systems enhancement, 
3-D films, debuted at Vancouver’s Expo 
86 last year. Three-dimensional images 
are created by filming simultaneously 
with two separate cameras, approximat¬ 
ing human binocular vision. To do this, 
cameras must be close enough together 
to simulate the distance between human 
eyes—impossible with Imax’s large cam¬ 
eras. Therefore cameramen aim only one 
camera directly at the scene, with a mir- 
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William Shaw, Imax vice-president, developed horizontal projection for large images that encircle the audience. 


ror beside it reflecting the scene to the 
second camera. In the theater two projec¬ 
tors simultaneously project the films 
through lenses polarized at right angles 
to each other; viewers wear glasses polar¬ 
ized in the same way. The polarized lens 
on a viewer’s right eye blocks out the im¬ 
age from the left projector, and the left 
lens blocks the right image. Thus each 
eye sees a separate but almost identical 
image, juxtaposed to create an illusion of 
depth. 

Although double-projector 3-D has 
been used in conventional cinema, Imax 
claims that the technique is more effec¬ 
tive in its theaters. First, its use of regis¬ 
tration pins and a vacuum to hold each 
frame in the projector results in very 
steady images that maintain their relative 
positions better. Also, the huge Imax and 
Omnimax screens eliminate the “win¬ 


dow” effect, in which 3-D images are cut 
off when they reach the borders of con¬ 
ventional screens. 

ND FASTER YET. Another ad¬ 
vanced theater-system vendor, 
Showscan, differs primarily in its 
use of a rapid film rate: 60 fps. 
Developed by Academy Award-winning 
filmmaker Douglas Trumbull, the con¬ 
cept is based on audience tests that 
showed that breathing and pulse rates 
are highest when a film is viewed at 60 
fps. 

In addition to being larger, the Show- 
scan screen curves slightly around the au¬ 
dience in an effort to fill viewers’ periph¬ 
eral fields of vision. Like the other special- 
venue formats, Showscan movies are 
made with specially adapted cameras and 
shown with modified projection systems. 


Six-channel audio is recorded on a sepa¬ 
rate medium, but the company is working 
with Kodak to develop on-film digital 
soundtracks. 

Theoretically, the advantages of a 30- 
fps film speed are multiplied by Show- 
scan’s 60-fps rate—flicker is lower, reso¬ 
lution is greater, and even more intense 
illumination can be used, improving color 
and overall image quality. However, Eric 
Knutsen, president of competitor Futur- 
Cinema, questions the cost-effectiveness 
of Showscan, noting that each movie re¬ 
quires much more film footage and that 
theater conversions are more extensive 
and costly. “From an academic standpoint 
60 fps is probably best,” he says. “But in a 
conventional theater, and even some spe¬ 
cial venues, the economic reality must be 
considered.” Adapting a theater for 
Showscan can cost up to $150,000 or so, 
depending on the theater size. FuturCin- 
ema says installation of its FuturVision 
equipment costs only about $10,000, part¬ 
ly because its projector adaptations are 
not as extensive. 

Theater conversions are an important 
part of both FuturCinema’s and Show- 
scan’s strategies. In addition to penetrat¬ 
ing the special-venue market, the two 
companies want to attract makers of fea- 


Although 3-D movies are nothing new; large screens 
eliminate the' 'window" effect, in which the 3-D 
images are cut off when they reach the borders 
of conventional theater screens. 
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ture films. But both competitors suffer 
from the same dilemma: it’s hard to at¬ 
tract filmmakers and producers to a new 
format if theaters aren’t available to 
show the films, but theaters are reluctant 
to adopt new formats unless films are 
available. To encourage theater owners to 
convert, both companies offer systems 
that can, with simple setups, run standard 
motion picture formats and advanced 
films interchangeably. Knutsen says Fu- 
turCinema will even lease its special op¬ 
tics and sound equipment to theaters that 
would need them only occasionally. 

Imax will continue to concentrate on 
the special-venue arena, where institu¬ 
tions like museums, theme parks, and 
world’s fairs are willing to make the 
$1-1.5 million investment in construction 
and equipment. There are now more than 
50 such theaters, split almost evenly be¬ 
tween Omnimax and Imax formats. The 
company expects to add about five more 
by the end of 1987, and to pass the 100- 
theater mark in five years. Today, 48 
films in the Imax library circulate among 
the theaters. 

So far Showscan’s penetration has been 
limited to special-venue theaters, with an 
installation in Vancouver, B.C., another 
that opened in May in Niagara Falls, 


Addresses_ 

Cinema Products_ 

3211 La Cienega, Los Angeles, CA 
90016, (213) 836-7991 

Dolby Laboratories_ 

100 Potrero Ave., San Francisco, CA 
94103, (415) 558-0200 

FuturCinema Systems_ 

305 E. 46th, 2nd FI., New York, NY 
10017, (212) 593-3080 

38 Isabella St., Toronto, Ontario, Cana¬ 
da M4Y INI, (416) 960-8509 
Kodak .. 

1669 Lake Ave., Rochester, NY 14650, 
(716) 458-1000 

Loews Theaters_ 

666 Fifth Ave., New York, NY 10103, 
(212) 841-1000 

Mitsubishi’s Pro Audio Group_ 

225 Parkside Dr., San Fernando, CA 
91340, (818) 898-2341 

Optical Radiation 

130 Optical Dr., Azusa, CA 91702, 

(818) 969-3344 

Panavision 

18618 Oxnard St., Tarzana, CA 91356, 
(818) 881-1702 

Showscan 

3939 Landmark St., Culver City, CA 
90232, (213) 558-0150 


N.Y., and four under construction in New 
Zealand and Australia. Director of Mar¬ 
keting Cindy Porter says the company ex¬ 
pects to have 10 special-venue theaters by 
year’s end. By autumn, says Porter, the 
company expects to announce plans for a 
feature film, with production probably be¬ 
ginning in 1988. Likewise, FuturCinema 
says it will announce plans for a feature 
film sometime this year. Starting with 
Loews, its commercial theater network is 
already being built. 

Despite their higher costs and the in¬ 
dustry’s entrenched technologies, these 
advanced movie methods may become 
lifesaving alternatives for theaters 
squeezed by the consumer electronics 
boom. To compete, says Jack Valente, 
president of the Motion Picture Associa¬ 
tion of America, theaters must “provide 
an epic viewing experience that can’t be 
duplicated on a VCR.” Otherwise, he says, 
“they’re going to be out of business.” □ 

H. Paris Burstyn is director of Spec¬ 
trum Telecommunications, a market 
research service of Arthur D. Little De¬ 
cision Resources (Cambridge, Mass.). 


For further information see 
RESOURCES, p. 66. 
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Grown in large quantities, genetically 
altered mammalian cells could become 
a low-cost source of valuable drugs 


vinced that new vaccines can be derived 
from its cultures of genetically altered in¬ 
sect cells; others are designing cultures of 
plant cells to produce pharmaceuticals, 
cosmetics, and insecticides that are now 
made by costly chemical processes. 

But the most promising new systems 
are those based on mammalian cells, the 
only ones with all the genetic “equip¬ 
ment” needed to produce virtually any 
protein. Although they are extremely del¬ 
icate and grow very slowly, mammalian 
cells can perform all the reactions needed 
to assemble the individual amino acids 
that make up all proteins, then fold them 
into the characteristic three-dimensional 
shapes needed for bioactivity. Mammali¬ 



ot long ago, genetic engineering 
was perceived by many as a so¬ 
lution in search of a problem. 
But recent government approv¬ 
al of several genetically engineered thera¬ 
peutic proteins, including interferon, hu¬ 
man growth hormone, and human insulin, 
has bolstered the industry’s credibility 
within both the medical and the invest¬ 
ment communities. Along with the recog¬ 
nition, however, have come new chal¬ 
lenges—most notably, how to produce 
commercial volumes of the larger and 
more biologically sophisticated proteins 
(many of them targeted to human health¬ 
care) that will be needed to drive the in¬ 
dustry during the next decade. 

About a dozen U.S. companies are bet¬ 
ting that the solution lies in large-scale 
cell culture—various procedures for 
growing genetically engineered cells in 
large bioreactors, then harvesting the 
valuable chemicals produced by the cells. 
For example, at least one firm is con- 


By Ricki Lewis 


an systems are now at work at several lo¬ 
cations to produce such proteins as tissue 
plasminogen activator, or tPA—which 
dissolves blood clots, and so could become 
an important new treatment for heart dis¬ 
ease—and erythropoietin (EPO), a mole¬ 
cule that regulates the production of red 
blood cells. The technology is seen as so 
lucrative that many companies have cre¬ 
ated new profit centers aimed solely at de¬ 
veloping methods of growing mammalian 
cells for other companies. 

The worldwide pharmaceutical indus¬ 
try, which last year enjoyed revenues of 
about $60 billion, is firmly behind the new 
production methods. The reason is that 
about 20% of today’s drugs (most of 
which are made via chemical methods) 
could ultimately be produced by simpler, 
more economical biotechnological meth¬ 
ods, according to the congressional Office 
of Technology Assessment in Washing¬ 
ton, D.C. As a result, sales of new drugs 
and diagnostics from genetically engi¬ 
neered cell-culture systems could top $10 
billion by 1995. 



Tt TEW CHALLENGES. Biotechno- 
/ \ / l°&y’ s milestones—the 
/ \l commercialization of genetically 
JL * engineered interferon and other 
proteins—ushered in a host of new tech¬ 
nological challenges. Those early offer¬ 
ings were relatively uncomplicated mole¬ 
cules, and so could be made efficiently in 
simple single-cell bacteria and yeasts. In 
these processes, a gene that regulates, or 
“codes for,” the production of the protein 
is chemically isolated from a higher or¬ 
ganism that normally makes the protein 
and transferred to a bacterium (which 
normally doesn’t). If the transfer is suc¬ 
cessful, the microbe’s descendants regard 
the foreign gene as their own and begin to 
manufacture the protein. 

But tPA, EPO, and other upcoming 
products tend to be large, complex mole¬ 
cules and combinations of molecules. 
Many of them are glycoproteins (combi¬ 
nations of a protein and a sugar mole¬ 
cule), and while bacteria can often pro¬ 
duce the protein portion of the molecule, 
the sugar must be added in a separate 
step. In fact, given its limited repertoire 
of protein-assembling genes—typically 
only a few thousand, versus as many as 
100,000 in mammalian cells—a bacterium 
can no more “build” a large hormone or 
enzyme than one can build an automobile 
from scratch in a basement workshop. 

Thus there is a need for more complex 
cells, especially those derived from mam¬ 
mals. Not only can such cells attach the 
all-important sugar to the protein portion 
of the molecule (a reaction called glycosy- 
lation), but they often secrete the desired 
product into the surrounding medium for 
easy collection; by contrast, bacterial cells 
must usually be mechanically or chemi¬ 
cally broken up in order for their products 
to be harvested. Since mammalian cells 
needn’t be destroyed, they are a readily 
renewable source of biochemicals. 

But the advent of new cell culture sys¬ 
tems by no means implies the scrapping 
of older, simpler methods. Bacteria are 
quite efficient for producing interferon 
and other nonglycosylated proteins, says 
Phillip Whitcome, director of strategic 
planning at Amgen; the trick is to match 
the desired biochemical to the highest- 
yield, lowest-cost cell system. As a result, 
most companies are now experimenting 
with cultures based on several cell types. 
At Amgen, says Whitcome, researchers 
are using yeast cells for fairly simple 
products such as the hepatitis B vaccine 
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and mammalian cells for the more com¬ 
plex EPO. 

RAGILE CELLS. Although mam¬ 
malian cells can in theory be ge¬ 
netically engineered to produce 
any protein, they are also notori¬ 
ously difficult to work with. One problem 
is that the cells of most higher animals 
are extremely delicate and thus easily 
damaged by the propellers of convention¬ 
al bacterial fermenters. “Just rubbing 
against a mammalian cell is enough to 
break its membrane,” says Yves Fouron, 
vice-president of business development at 
Bio-Response. “The cell simply dies.” 

Another obstacle is that unlike bacteria 
(which divide two or three times an hour), 
mammalian cells grow very slowly, divid¬ 
ing to form new cells every 18-48 hours; it 
is therefore difficult to reach the high cell 
densities—about 10 billion per cubic centi¬ 
meter—that are typical of living systems 
and that are required for optimal protein 
production. And whereas a bacterium is 
an independent, free-living organism, ev¬ 


ery mammalian cell is just one part of a 
much larger organism; it demands a 
steady stream of nutrients, hormones, 
and other essential molecules that are 
normally provided by other cells in the 
system—requirements that are still not 
fully understood by cell culturists. 
“We’re much better at engineering ani¬ 
mal cells than we are at scaling up the cul¬ 
tures,” says Joseph Feder, director of 
Monsanto’s cell culture lab. 

Yet another problem is the striking di¬ 
versity among mammalian cells, even 
among various cells taken from a single 
animal. While that diversity is vital to the 
living organism, it presents cell culturists 
with an enormous number of variables. 
For example, says Feder, different cells 
glycosylate differently by attaching dif¬ 
ferent sugars to the protein. And cells 
that have been genetically altered to pro¬ 
duce a new protein don’t necessarily act 
the same as normal cells. 

Nevertheless, mammalian cell culture 
is the center of attention at many compa¬ 
nies, simply because of the large body of 


Bio-Response’s Fouron displays one of 
the company’s bioreactors, used to grow 
protein-producing mammalian cells. 


products they can generate. For example, 
clot-dissolving tPA is now being produced 
in a culture of mouse cells at Integrated 
Genetics and other companies; the prod¬ 
uct is currently in clinical trials, with 
eventual worldwide sales expected to top 
$500 million a year. And the projected an¬ 
nual U.S. market for EPO (also being pro¬ 
duced in mouse cells at Integrated Genet¬ 
ics) is $100 million. EPO could help replace 
red blood cells in kidney dialysis patients 
and those suffering from anemia or blood 
cancers. The protein might also be used to 
help restore blood cells in the growing 
number of patients who set aside several 
pints of their own blood in the months be¬ 
fore elective surgery, thus avoiding the 
possibility of receiving contaminated 
blood. Development of the drug is being 
funded by Behringwerke AG, a subsidiary 
of West Germany’s Hoechst, in exchange 
for worldwide marketing rights. 
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Alternatives To Mammalian Cells 


lthough mammals provide the most versatile cells for 
producing genetically engineered molecules, several 
companies think that insect and plant cells could also 
serve as mini-factories for new pharmaceuticals, cos¬ 
metics, and other products. 

For example, four-year-old MicroGeneSys hopes to develop 
a hepatitis B vaccine via cell cultures from moths called ar- 
myworms. While other companies are reportedly exploring 
insect-cell systems as well, says marketing director Mark 
Cochran, MicroGeneSys is so far the only one focusing on 
them exclusively. 

The company has identified a piece of viral DNA, called a 
promoter sequence, that boosts the protein output of genes 
attached to it. MicroGeneSys researchers hope to use this se¬ 
quence to produce large amounts of viral surface antigen— 
a harmless protein found on the surface of the hepatitis B 
virus. When injected into humans, the antigen acts as a 
vaccine by arming the immune system against the whole 
hepatitis virus. 

To make the required large quantities of the surface anti¬ 
gen, the researchers first insert the gene that codes for the 
surface antigen into the virus that contains the promoter se¬ 
quence, then infect the armyworm cells with this altered vi¬ 
rus. Prompted by the promoter sequence, the cells are ex¬ 
pected to produce large volumes of antigen, which will be 
extracted from the culture for use in the vaccine. 

Meanwhile, cultures of specially treated plant cells might 
serve as sources of new or existing plant-derived chemicals 
(including drugs, flavorings, and pesticides), which now add 
up to an $8-billion-a-year market in the United States. Be¬ 
cause conventional methods for producing these chemicals 
are well developed, and because little is known about the 
hormonal and nutritional requirements of plant-cell culture, 


corporate interest in this approach is still somewhat limited; 
most companies either synthesize a product by conventional 
chemistry or chemically extract it from whole plants, accord¬ 
ing to Richard Stevenson, assistant director of exploratory 
research at Hoffmann-La Roche. 

Extraction of the products from a whole plant is often dif¬ 
ficult, however; in nature they are made only in certain cells 
of certain plants at certain times in development and so can¬ 
not simply be produced on demand. Moreover, many of the 
chemicals are present in trace amounts in the plant, requir¬ 
ing tons of whole plants to obtain a few pounds of the de¬ 
sired chemical. 

Plant-cell culture is thus a potentially efficient and lucra¬ 
tive alternative to conventional methods, since many of the 
products sell for thousands of dollars a pound. For example, 
an alkaloid extracted from plants of the genus Catharanthus 
is now being tested for antitumor properties. (Catharanthus 
is also the source of the anticancer drug vincristine.) Priced 
at $20,000 a gram, the extract could in theory be made up to 
20 times more efficiently from culture than from the whole 
plant, according to researcher J. P. Kutney at the University ' 

of British Columbia (Vancouver). 

Nevertheless, says William Bollinger, vice-president for 
strategic development at NPI, a plant genetics company, only 
a dozen or so plant products are now considered profitable 
enough—that is, priced at $500 or more per kilogram—to 
justify cell culture over synthesis or extraction. NPI is study¬ 
ing a natural plant insecticide, called azadirachtin, for 
growth in plant-cell culture. 

In Japan, meanwhile, Mitsui Corp. is marketing a plant 
cell-cultured chemical called shikonin, which sells for several 
thousand dollars a pound and is widely used in Japan as a 
bactericide and astringent. However, the plant from which 



Another potential growth area for 
these systems is the culture of the deli¬ 
cate hybridoma cells that manufacture 
monoclonal antibodies, proteins that are 
widely used in medical diagnostics and 
treatment. The hybridomas—immune- 
system cells that have been fused with 
cancer cells—have traditionally been 
grown in the body cavities of mice. How¬ 
ever, some 20,000 mice are needed to pro¬ 
duce just two pounds of these antibodies; 
the same output can readily be achieved 
in a single bioreactor using mammalian 
cell culture. 

NEW INDUSTRY. The infant art/ 
science of growing mammalian 
cells has in effect launched a new 
mini-industry within biotechnolo¬ 
gy: companies that hope to stake out mar¬ 
keting niches with proprietary bioreac¬ 
tors for growing cells developed by other 
companies. The result is a wide assort¬ 
ment of new cell culture systems, each 
tuned to the particular biological needs of 
different mammalian cells. 

For example, some cells grow to densi¬ 
ties of about 2 million per cc while sus¬ 
pended in a circulating mixture of nutri¬ 


ents and dissolved gases. One system 
developed for such cells is the so-called 
airlift fermenter developed by Celltech. 
Although the fermenter resembles con¬ 
ventional propeller-churned bioreactors in 
many respects, the cells and nutrients are 
stirred by a steady, gentle infusion of gas 
bubbles. The fermenter is now being used 
by Celltech to produce a variety of pro¬ 
teins from clients’ cell lines; the company 
is also licensing the design (under the 
name Cytair) to customers who prefer to 
maintain their own production facilities. 

But most mammalian cells are “anchor¬ 
age-dependent”; that is, they function 
only when they are attached to a support 
or substrate, much as they are in a living 
body. Thus they are often cultured while 
attached to inert beads or embedded in 
gels. Cells can also be grown for long pe¬ 
riods of time, and at very high densities, 
in the narrow spaces between hollow fi¬ 
bers that are bundled into glass or plastic 
cylinders. The technique is now being 
used at Bio-Response and Amicon (Dan¬ 
vers, Mass.), as well as in a joint venture 
between Endotronics and Summa Medical 
Corporation. 

A variety of cell types grow to high 


densities in Endotronics’ hollow-fiber sys¬ 
tem, called Acusyst, which mimics the 
body’s circulatory system. Acusyst typi¬ 
cally comprises six 20-milliliter bioreac¬ 
tors in tandem, each containing 320 
looped hollow fibers; the cells grow out¬ 
side the fibers, and secrete into the tiny 
pores of the fibers, from whence the prod¬ 
ucts are collected. 

One problem with very large hollow-fi¬ 
ber systems, however, is the formation of 
lethal “microenvironments” in the spaces 
around the fibers—stagnant regions that 
are often characterized by uneven nutri¬ 
ent distribution or by the buildup of waste 
products. These microenvironments pre¬ 
sent cell culturists with a trade-off, since 
the degree of stagnation is generally pro¬ 
portional to the number of cells. 

Endotronics says it prevents the prob¬ 
lem with a media circulation system in 
which a computer controls pressure dif¬ 
ferences between the hollow-fiber cham¬ 
ber and an external chamber. The compa¬ 
ny claims that its 100-ml bioreactor 
supports cell densities of at least 10 mil¬ 
lion per cc. Bio-Response controls micro¬ 
environment development for certain 
types of cells by using small reactors 
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Plant cells may one day be engi¬ 
neered to produce a variety of new 
drugs, says NPI's Bollinger (above). 
But for now, chemical synthesis is 
usually cheaper. 


therapeutic proteins can be produced 
in transgenic mice,” says Patrick Con- 
noy, marketing director at Integrated 
Genetics, “and we hope to submit 
products from these animals to the 
FDA within five years.” The company 
has identified several candidate mole¬ 
cules for transgenic production, he 
says, including tissue plasminogen ac¬ 
tivator, a protein that may eventually 
be used to treat heart attacks in pro¬ 
gress by dissolving blood clots in the 
coronary arteries. 


shikonin is extracted is very rare in Japan (a factor that was 
added to the chemical’s high price to justify Mitsui’s special 
culture-development program). The same criteria may ulti¬ 
mately lead to cell culture production of several other costly 
chemicals, including steroid hormone precursors, anticancer 
agents, and essential oils such as rose oil, which sells for 
about $1000 a pound. 

Perhaps the most unusual development in cell culture 
technology, however, will be the use of “transgenic” ani¬ 
mals—those that arise from a fertilized egg containing for¬ 
eign genes that become active (are “expressed”) later in the 
animal’s life. If the added genes can be hooked to other 
genes that trigger their expression in certain body fluids, the 
animals would essentially become walking cell cultures that 
would be far less costly (and require 
much less maintenance) than today’s 
mammalian cultures. 

The injection of foreign genes into 
fertilized eggs—and their expression in 
the mature animal—-has already suc¬ 
ceeded in mice, rabbits, pigs, and sheep, 
and is now being studied in cattle. In the 
latter case, it may eventually be possible 
to inject a gene for a therapeutic protein 
(such as human insulin) into a fertilized 
cow egg, attaching it to a promoter se¬ 
quence that would trigger its expression 
in milk; the insulin would later be recov¬ 
ered from the milk by conventional sepa¬ 
ration methods. 

Despite its almost science-fiction aura, 
the method is now being developed by 
several companies. “We’ve shown that 


In this virus-infected insect cell, viral 
proteins appear as crystals. Other valu¬ 
able proteins could also be grown in the 
cell by altering viral genes. 


maintained at higher cell densities (about 
50 million per cc); large volumes of pro¬ 
tein are obtained by operating several re¬ 
actors in tandem. A single one of the com¬ 
pany’s 300-ml hollow-fiber units produces 
up to a gram of antibody a day, according 
to Fouron, who adds that “millions of di¬ 
agnostic test kits can be made from just a 
few grams of antibody.” 

The type of fiber used is geared to the 
cell type: cells that prefer to grow in sus¬ 
pension do well with fibers of cellulose ac¬ 
etate, whereas anchorage-dependent cells 
fare better with polypropylene fibers. En- 
dotronics has a joint venture with Celan- 
ese to explore new polymer materials for 
fibers, and with Summa Medical to im¬ 
prove protein production from the Acu- 
syst line. 

Bio-Response has developed another 
approach to growing certain types of an¬ 
chorage-dependent cells—beds of immo¬ 
bile glass beads that, like hollow fibers, 
provide a gentle growth environment. 
“The only agitation is in the fluid, with nu¬ 
trients percolating through the reactor,” 
says Fouron. The company is now using 
the glass-bed bioreactor to produce a pro¬ 
prietary human hormone in cells derived 


from human tissue. 

In a variation on the bead theme, Da¬ 
mon Biotech grows mammalian cells that 
have been encapsulated in microscopic 
globules of a chemical called alginate. The 
company has used the system (dubbed 
Encapcel) for several years to grow mon¬ 
oclonal antibodies for Hoffmann-La 
Roche, which uses them to purify inter¬ 
feron produced by genetically engineered 
bacteria. And at Verax, antibodies are 
produced in 10-liter bioreactors contain¬ 
ing millions of microscopic collagen-based 
beads, which resemble tiny sponges. (The 
company also maintains several 800-liter 
bioreactors for large-volume antibody 
production.) Bathed in a steady flow of 
nutrients, the beads are used to grow 
both suspension-type hybridomas, which 
float within the beads’ billions of tiny 
“caverns,” and anchorage-dependent hy¬ 
bridomas, which attach themselves to the 
various surfaces. 


T“\roprietary reactors. Al- 
f J though some mammalian cells 
grow well under relatively uncom- 
JL plicated conditions, most function 
only in an extremely complex environ¬ 


ment in which such variables as hor¬ 
mones, gases, nutrients, waste products, 
and growth additives are maintained in 
careful balance. Moreover, conditions 
that foster the growth of one type of cell 
(those that tend to clump together, for ex¬ 
ample) may be fatal to others (say, those 
that prefer plenty of elbow room). And 
while small, simple culture systems are 
often satisfactory for short-term batch 
runs (in which only a small amount of pro¬ 
tein is wanted), the trend in most compa¬ 
nies is toward more or less permanent 
systems that turn out large volumes of a 
single product over a period of months or 
years. 

As a result, several companies have de¬ 
signed proprietary bioreactors that they 
claim are easily tuned to grow large vol¬ 
umes of virtually any type of cell over 
long periods of time. Although each de¬ 
sign boasts one or more unique features, 
all of them strive for the same goal: to 
replicate the conditions of the living body 
by monitoring the cell’s environment for 
optimal densities and by keeping the cells 
well perfused (constantly bathed in liq¬ 
uids that supply nutrients and carry away 
wastes). 
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BUSINESS OUTLOOK 


BIOTECH FIRMS 
CUIIIWATE CELL MARKET 


1 "biotechnology companies 

I / are increasingly turning 

I | to specialized firms for 
JL-/ the growth of large 
quantities of genetically altered 
cells that are needed to commer¬ 
cially produce monoclonal anti¬ 
bodies (MAbs) and other valu¬ 
able proteins. The bioreactors 
most frequently used in such 
processing are adapted for 
work with mammalian cells; al¬ 
though such cells can be diffi¬ 
cult to grow in volume, they are 
particularly well suited for mak¬ 
ing large, complex, biologically 
active proteins. 

Invitron (St. Louis) and Cell- 
tech (Slough, England) run the 
largest mammalian cell-cultur¬ 
ing operations in the world. Oth¬ 
er companies with large-scale 
growth systems include Damon 
Biotech (Needham Heights, 

Mass.), Endotronics (Coon Rap¬ 
ids, Minn.), and Integrated Ge¬ 
netics (Framingham, Mass.). 

Several established firms, in¬ 
cluding Abbott Laboratories 
(Abbott Park, Ill.), Du Pont 
(Wilmington, Del.), Eli Lilly (In¬ 
dianapolis), and Johnson & 

Johnson (New Brunswick, N.J.), 
are exploring the possibility of 
becoming self-sufficient in cell 
culture. 

During the next five years, 
the number of pharmaceutical 
products manufactured this 
way is expected to grow from 
fewer than a dozen to more than 80, says Linda Miller, biotech 
analyst at Paine Webber (New York). Estimated revenues from 
just the production of MAbs, the principal high-value protein 
now being made by cell-culture companies, were $15 million 
last year and should reach $300 million by 1991, according to 
Viren Mehta, VP of healthcare research at Wood Mackenzie 
(New York). Other cell-culture products include blood clot-dis¬ 
solving tissue plasminogen activator (tPA), which could 
achieve $500 million in sales within a few years, and erythropoi¬ 
etin (EPO)—a hormone for treating anemia—which could be 
worth $225 million by 1990, according to David Webber, editor 
of Biotech Investor, a publication of Casdin Associates (New 
York). 

There is a continuing debate within the industry about which 
of the various processes will provide the efficiencies needed for 



‘‘Mammalian cells can be difficult to work with, 
but they are needed for producing certain high- 
value, complex proteins that dissolve blood clots 
or stimulate other desired results in humans.” 

Gary Suable, Executive VP for marketing 
Invitron 


“A company ’s capacity to undertake large-scale 
cell culturing does not by itself ensure market 
leadership. The firm must also possess the skills 
and experience to purify end products in a cost- 


Viren Mehta, VP of healthcare research 


mass production of cells. Invi¬ 
tron touts its 1.3-million-liter 
modular perfusion system, 
which siphons off and harvests 
cells once their density has 
reached certain levels. The com¬ 
pany says that this technology, 
used in conjunction with high- 
capacity filters and extremely 
pure water, eliminates the need 
for antibiotics (which stem bac¬ 
terial infections within producer 
mammalian cells), reduces the 
amount of nutrient broth that is 
used, and simplifies purification 
procedures to improve product 
yields. These characteristics 
could enhance the company’s 
competitiveness as federal reg¬ 
ulators scrutinize products 
from different cell-culture facil¬ 
ities for possible contamination 
by antibiotics, stray protein or 
other biochemical materials, 
and viruses. 

But competing culture pro¬ 
cesses may offer other benefits. 
Britain’s Celltech, for instance, 
claims that its batch-type sys¬ 
tems have a longer track record 
than competitive technologies in 
producing high volumes of mon¬ 
oclonal antibodies at a relatively 
low cost. And Damon Biotech 
uses a proprietary cell encapsu¬ 
lation technology to achieve 
high-density growth, scaling 
back the need for the sort of 
high-volume growth chambers 
and mammoth facilities re¬ 
quired by other processes. 

Current and potential patent disputes are also likely to af¬ 
fect the biotech industry. For instance, Genentech and Well¬ 
come Foundation are in a patent infringement dispute over tPA 
in Great Britain, Becton Dickinson has agreed to pay Johnson 
& Johnson royalties in settling a MAb diagnostic product suit, 
and Amgen and Genetics Institute face a possible clash over 
patent claims for EPO. “If you’re a cell-culture company, and 
the product you’re making for a customer is blocked by some¬ 
one else’s patent, you’re out of luck,” says Biotech Investor's 
Webber. On the other hand, David Gration, commercial direc¬ 
tor of Celltech, feels that firms like his can play a winning 
hand, whatever the outcome of such litigation. “If we can 
make products at low cost, whoever wins the patent will still 
have to come to us,” he says. □ —Jeffrey L. Fox 
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One example is Bio-Response’s Mass 
Culturing Techniques, or MCT—in effect, 
a family of reactors, each based on a sin¬ 
gle fundamental design, for producing 
specific biochemicals from clients’ cells. 
Fouron claims that the reactors reach the 
very high cell densities (at least 1000 
times those of a conventional fermenter) 
needed for optimal cell growth. While 
Fouron declines to identify Bio-Respons¬ 
e’s corporate customers, he notes that 
MCT has been used to produce hormones, 
enzymes, cytokines and lymphokines 
(both immune-system biochemicals), and 
monoclonal antibodies. 

Every MCT bioreactor consists of a cell 
growth chamber sandwiched between 
two semipermeable membranes (which in 
some cases consist of hollow fibers). The 
“cell-exclusion” membrane has holes that 
are large enough for the product to leak 
out for collection, but small enough to 
keep the cells in the chamber. On the oth¬ 
er side, the “product-exclusion” mem¬ 
brane has even smaller pores, which allow 
nutrients to flow into the chamber and 
wastes to flow out in order to be discard¬ 
ed through a constantly recycled flow of 
media. 

Fluids and nutrients in the reactor are 
transported much as in the human circu¬ 
latory system, making the cells “feel at 
home”; in the newest MCT designs, cell 
density approaches a billion per cc. And 
because MCT provides for the continuous 
flow of materials and waste products, 
says Fouron, the culture “can function 
for virtually unlimited periods of time.” 
In other types of reactors, by contrast, 
production is often limited as cells grow 
to a maximal density, then die from over¬ 
crowding. 

Meanwhile, two other new reactor de¬ 
signs are being promoted by Invitron: one 
that grows cells to high densities and one 
that maintains them in a static, low- 
growth condition that is often conducive 
to high protein output. (Although most 
companies recognize the importance of 
this “steady state” in cell culture, Invi¬ 
tron and Bio-Response appear to be the 
only ones that have designed systems 
specifically for this purpose.) The three- 
year-old company, a spinoff of nearby 
Monsanto, aims to commercialize many of 
the cell culture technologies developed as 
part of Monsanto’s life sciences R&D. 

Invitron’s large-scale perfusion culture 
system is used for both suspension and 
anchorage-dependent cells, says Feder; 
the latter type of cells are accommodated 
by adding inert “microcarriers” to the 
growth vessel. When the density reaches 
a predetermined level, the cells and the 
products are automatically removed to a 
harvesting vessel. The proteins are recov¬ 
ered by special filtration and separation 
methods, and the cells are returned to the 
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bioreactor for continued growth and pro¬ 
tein production. This cell recycling main¬ 
tains a fairly constant density, according 
to Feder—a provision that prevents deli¬ 
cate cells from being literally crushed to 
death and reduces the amount of costly 
nutrients needed for cell maintenance. 
The perfusion reactor is now being used 
to grow various mammalian cells for pro¬ 
ducing future Monsanto products, such 
as tPA, EPO, and bovine somatostatin (a 
hormone that boosts milk production in 
cattle). 

But high rates of cell growth are not al¬ 
ways desired; in fact, many mammalian 
cells secrete their proteins while in a 
steady, nondividing state. Invitron’s stat¬ 
ic maintenance reactor is designed to pre¬ 
vent cell division for long periods of time 
by maintaining the cells at very high den¬ 
sities in a proprietary matrix material 
that simply provides no room for cell divi¬ 
sion. The result is not only increased pro¬ 
tein output but also a lower chance of cell 
mutation (genetic changes are not uncom¬ 
mon during division and may alter the se¬ 
creted protein). Bio-Response’s MCT reac¬ 
tors maintain the cells in a steady state by 
altering the composition of the nutrients. 

Mammalian cell culture clearly is still in 
a very early stage of development, and it 
would be foolhardy to predict the ultimate 
success or failure of any single method. 
Given the huge diversity of mammalian 
cells, each with its own biological pecu¬ 
liarities, it is likely that a variety of cul¬ 
ture methods will continue to evolve, each 
meeting a particular need of a particular 
type of cell. In fact, it’s possible that one 
or more entirely new technologies (natu¬ 
ral or synthetic “growth factors,” for ex¬ 
ample) will be introduced for growing and 
maintaining these fragile and exquisitely 
complex living systems. 

But the precise form of tomorrow’s cell 
culture systems is less important than the 
evolution process itself. “There’s no ques¬ 
tion that we can supply the marketplace 
with these products,” says Monsanto’s 
Feder. “But that doesn’t mean we’re do¬ 
ing it as efficiently as we can.” Only 
through steady, controlled change (and 
perhaps now and then a genuine break¬ 
through) can the young biotech industry 
continue to provide the important new 
molecules that will fuel its growth during 
the next decade—and do so economically 
and consistently in an increasingly com¬ 
petitive marketplace. □ 

Ricki Lewis, who has a PhD in genetics 
from Indiana University, teaches at 
the State University of New York/Al¬ 
bany. She is a frequent contributor to 
HIGH TECHNOLOGY. 


For further information see 
RESOURCES, p. 66. 
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REVOLUTION 

INMANO 

Parents take warning: Stuffeil animals have started talking back, 
toy robots are taking orders from the TV set, 
and your kids may be packing ray guns 


By Herb Brody 


r he video game boom of the early 
’80s brought hordes of products 
aimed at satisfying the seeming¬ 
ly primal urge to control colored 
blips scooting around a TV screen. That 
fad died of malnourishment; game compa¬ 
nies’ inability to sustain an outpouring of 
original games meant that after a while 
every new video game seemed like anoth¬ 
er variation on Pac-Man or Space Invad¬ 
ers, and no amount of graphic refinement 
or souped-up sound effects could hold 
people’s interest. Video game cartridges 
piled up in the clearance bins of discount 
stores. 

Now those barons of fun and games 
are at it again. The past 18 months have 
brought an army of electronic dolls, teddy 
bears, action figures (the industry’s eu¬ 
phemism for boys’ dolls), light-beam 
guns, and other paraphernalia. These 
high tech toys are marching under the 
common banner of “interactivity,” loosely 
defined as anything that produces a tech¬ 
nological response to a child’s talk or ac¬ 
tion. “We ask ourselves: what would we 
have just died for when we were kids?” 
says Paul Rago, vice-president for mar¬ 
keting at Worlds of Wonder, a leader in 
high tech playthings. And children are not 
the only ones frolicking with these gad¬ 


gets. Much of the appeal of new games 
like Lazer Tag and Photon, in which the 
players zap each other with light beams, 
has been to college students and young 
adults. 

Worlds of Wonder launched the latest 
brigade of toys in 1985 with a talking 
bear—Teddy Ruxpin—that features syn¬ 
chronized facial motion. Teddy Ruxpin 
(typical retail: $50) is basically a fur-cov¬ 
ered tape recorder, with motors that open 
and close the mouth and move the eyes 
around. It plays special cassettes, with 
the motor-control signals encoded digital¬ 
ly on one of the stereo channels and the 
audio carried on the other channel, ac¬ 
cording to Larry Larsen, a co-owner of Al¬ 
chemy II, from which Worlds of Wonder 
licenses the product. 

Its dependence on an audio tape severe¬ 
ly limits Ruxpin’s capabilities; the bear 
tells its tales beginning to end no matter 
how the child responds. Ruxpin’s succes¬ 
sors, developed by Worlds of Wonder and 
other companies, take the new toy catego¬ 
ry of “animatronics” beyond such simple, 
linear storytelling. 

Baby Talk ($65—$75), introduced last 
year by Lewis Galoob Toys, is billed as 
the first chip-based interactive doll. Stick 
a bottle in her mouth and she sucks it— 


then pauses to say something like “More, 
Mommy,” or “Mommy, feed me,” moving 
her lips in sync. About 20 other phrases 
are cooed at vaguely appropriate times. 
Pick her up and she’ll say “I love you” or 
“hug me.” Lay her on her tummy and 
she’ll ask to be turned over. The doll is 
programmed with typical behavior pat¬ 
terns, too. After eating, for example, she 
sometimes—but not always—announces 
that she is tired and wants to sleep. 

oting the success of Teddy Rux¬ 
pin, Galoob this year is turning 
Baby Talk into a storyteller as 
well. The doll will plug into a 
videocassette recorder, via an adapter 
unit ($50-$55). When Baby Talk tapes are 
played, the doll will talk and sing along 
with the characters on the screen. When 
used this way, there’s no interactivity; the 
child just watches, with the doll serving 
essentially as an extension of the TV 
screen. 

Other new dolls incorporate speech rec¬ 
ognition chips so they can listen as well as 
talk. Jill ($149), from Playmates, stops ev¬ 
ery 30 seconds or so during the telling of a 
story to ask the child what ought to hap¬ 
pen next. For example, should the hero 
enter a haunted house through the front 
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door, back door, or window? The story 
then proceeds in one of three ways, de¬ 
pending on the answer. (If the child deliv¬ 
ers an unrecognizable reply or says noth¬ 
ing, Jill continues along a default track.) 

The tape cassettes containing Jill’s sto¬ 
ries are unique. They are about the size of 
a credit card and a quarter inch thick. To 
lessen the chance of damage, the exposed 
length of tape is about half that of a con¬ 
ventional audio tape. Once inserted into 
the doll, the tape unloads its contents— 
audio, instructions for synchronously 
moving Jill’s eyes and 13 free joints, and 
codes for recognizing 150 words—into a 
memory chip in the doll. Thus branching 
to different outcomes requires only an 
electronic change of course, not spooling 
through a few feet of tape. Although a 
tape holds 45 minutes of sound to cover 
all the possible outcomes, the actual story 
lasts about 15 minutes. 

While Jill is one of a handful of new 
dolls that can claim true voice recognition, 
several others that have come out in the 
last year or two offer a more limited capa¬ 
bility—responding to the voice without 
actually being able to distinguish what 
words were spoken. For example, A.G. 
Bear ($20—$40), from Axlon, emits low 
electronic grunts with roughly the same 


rises and dips in pitch as the last three 
seconds of human speech. Since it utters 
no intelligible words, one might say that 
A.G. bearly talks. To make the bear more 
conversational, Axlon programmed A.G. 
to recognize a questioning tone of voice 
by the rise in pitch at the end; rather than 
mimicking that intonation (answering a 
question with a question), A.G. responds 
with a “statement”—a monosyllable 
(yes/no) or a downward vocal inflection. 
Because the bear’s growls can mean pret¬ 
ty much whatever the child wants them 
to, A.G. leaves more room for fantasy 
play than most of the other talking dolls 
and animals. 

A doll incorporating both voice respon¬ 
siveness and speech generation can give 
the illusion of understanding what is be¬ 
ing said. Dozzzy ($60), from Galoob, chats 
and tells bedtime stories, pausing occa¬ 
sionally to ask questions. The doll might 
ask: “Did you brush your teeth?” and 
then wait for an answer. No matter what 
the reply, however, Dozzzy comes back 
with an ambiguous response, such as “My 
mouth always feels so clean after I brush 
my teeth.” Or during “Hansel and Gre- 
tel,” Dozzzy might say something like: 
“I’d be afraid to go into such a dark 
house, wouldn’t you?” The doll waits for 


Television spills out onto the living-room 
floor: Axlon’s Tech force vehicles can 
take their marching orders from signals 
imbedded in the broadcast of a new 
cartoon show. 


an answer—any answer—and then con¬ 
tinues on with the story. Since the tales 
are stored on a standard audio cassette, 
not loaded into an electronic memory, the 
outcome is always the same. (If there’s no 
response at all, Dozzzy assumes the child 
has fallen asleep, and shuts itself off.) 

With more sophisticated speech recog¬ 
nition, a doll can carry on vaguely human¬ 
like interaction. Julie ($100), due out this 
fall from Worlds of Wonder, can converse 
on a number of topics, selected either by 
the doll or by the child. As the child talks, 
Julie listens for key words that are part 
of her vocabulary. If the doll hears 
“hungry,” for example, she will respond 
with one of the several food-oriented sen¬ 
tences stored on a speech synthesis chip. 
Julie may then throw the ball back into 
the child’s court with a question such as 
“Do you like to cook?” then head off into 
that subject if the answer is yes. 

Julie will be equipped with a variety of 
sensors, so that topics of conversation can 
come from changes in the environment. A 
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photodetector tells roughly 
whether it’s light or dark; upon 
entering bright sunshine from 
the indoors, Julie might say that 
she needs to put on sunglasses. 

And readings from a built-in ther¬ 
mometer prompt her to say 
things such as “It’s cold in here— 

I need a sweater.” Motion sen¬ 
sors tell Julie when she’s being 
picked up: “Where are we go¬ 
ing?" she might ask. Julie is capa¬ 
ble of five or ten different re¬ 
sponses for each situation or 
input. 

Other sensors let Julie “read”; 
touch her fingertip to one of the 
pictures in a special book and she 
will announce what it is. The in¬ 
formation is picked up by metal 
contacts in her fingertips, which 
gauge the electrical resistance of 
the page surface (different pic¬ 
tures are coated with inks of dif¬ 
ferent resistance). To open up ad¬ 
ditional subject areas, you can 
plug in a new memory cartridge; 
each 64-kilobyte cartridge, about the size 
of a credit card, contains material on new 
topics, such as going to a slumber party, 
or the ABCs. 

Julie must first be “trained” to recog¬ 
nize the voice of the individual child. That 
way, the voice-recognizing circuitry need 
not cope with the wide variability in dif¬ 
ferent people’s voices, so Julie can under¬ 
stand a larger number of words than 
would otherwise be possible with the 
same amount of processing power. 

r wo electronic pets from Phonet- 
ica One balance this trade-off dif¬ 
ferently: they can recognize any 
person’s voice without training 
but can understand only a few phrases. 
The animals—a koala and a charpay 
dog—amble forward at the command 
“come here,” and then obey com¬ 
mands to “stop” and “turn 
around.” Switching an animal to 
“security mode” activates an ul¬ 
trasonic sensor; you have one 
minute to leave, after which time 
any motion in the vicinity will 
cause the animal to shriek and 
beep. When not earning their 
keep as watchdogs (or watchmar- 
supials), the electronic pets can 
elicit a few giggles with song- 
and-dance acts; the koala rocks 
back and forth while playing a 
computer-synthesized version of 
“Waltzing Matilda.” At $225, 
these furry robots will likely 
show up as often at adult gather¬ 
ings as in nurseries. (The HIGH 
TECHNOLOGY staff, for instance, 
spent the better part of a morning 



subjecting the animals to rigorous and 
highly scientific tests.) 

C ritters like Phonetica’s, which use 
sound synthesis chips, tend to be 
cuddlier than toys that rely on 
bulky tape recorders. Some of the 
new products, however, will exploit the 
advantages of tape—high sound quality 
and long play—without giving up hugga- 
bility. In Worlds of Wonder’s Muppet Ba¬ 
bies, story tapes will be played in a “mag¬ 
ic trunk,” which contains a cassette 
recorder linked to a radio-frequency 
transmitter. The dolls (Baby Kermit, 
Baby Miss Piggy, et al.) will be equipped 

Zap! You’re dead: Photon warriors play 
capture the flag with lightguns in a video 
game come to life. 



with electronics to receive the 
transmissions and translate them 
into signals to move the eyes and 
mouths when their character is 
speaking on the tape. Thus each 
Muppet appears to be telling its 
own part of the story. 

Ideal, a stalwart of the tradi¬ 
tional toy industry, is introducing 
a similar product, also using Sesa¬ 
me Street characters. Ideal em¬ 
beds the tape recorder in a Big 
Bird replica, and control signals 
travel to satellite characters via 
an umbilical cable; Cookie Mon¬ 
ster rolls his eyes and moves his 
mouth, and Oscar the Grouch 
pops in and out of his trash can. 

Carrying toy interactivity to its 
logical extreme, Coleco Indus¬ 
tries is endowing a new line of 
Cabbage Patch Kids with the abil¬ 
ity to converse with each other; 
participation by the child is op¬ 
tional. Once powered up, a Talk¬ 
ing Kid ($100) begins emitting ra¬ 
dio waves that can be detected by 
any other Kid within about 25 feet. The 
Kids then greet each other with radio sig¬ 
nals—and with audible speech for the 
benefit of the humans who are listening 

Once contact is established, the dolls 
converse on a variety of subjects. In keep¬ 
ing with the uniqueness theme that Co¬ 
leco has used to market the pre-verbal 
Cabbage Patchers, each doll has a differ¬ 
ent-sounding voice; all are digitized from 
recordings of real four-year-old girls, 
says vice-president Barbara Wruck. And 
each doll has its own “personality.” If the 
topic is ice cream, for example, one might 
say that she likes chocolate and another 
vanilla. The child’s role in the conversa¬ 
tion is that of instigator. Picking up a Kid 
stimulates motion sensors that might 
prompt a question such as “Where are we 
going?” Another Kid nearby 
might then say, “Can I come 
too?” According to Wruck, “a 
couple of dozen” different utter¬ 
ances are possible for any given 
stimulus. 

Most animatronic toys market¬ 
ed so far are ends unto them¬ 
selves. But the technology can be 
used to augment more traditional 
play. Galoob expects that its hot¬ 
test new product this year will be 
a character called Mr. Game 
Show ($100)—a 16-inch-tall figure 
with lacquered hair and big white 
teeth, who acts as emcee for up to 
four players in games similar to 
those on popular TV shows such 
as Wheel of Fortune. Mr. Game 
Show has a 700-word synthetic- 
speech vocabulary, with which he 
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Worlds of Wonder CEO Donald Kingsborough (left) and VP Paul Rago 
cuddle up with Teddy Ruxpin, Julie, and other talking toys. 


tells players the rules, asks them 
questions, and in general keeps 
the game moving, just like the 
real game show hosts on televi¬ 
sion. And like his TV 'models, Mr. 

Game Show delivers a steady 
stream of quips and good-natured 
putdowns. (To a losing player: 

“You get $200—heck, I spend 
more than that every week on 
hair spray.”) 

In addition to such window- 
dressing roles, Mr. Game Show 
can also participate in some 
games. In a variation on Simon 
says, for example, the animated 
host calls out a set of initials, a 
number, or a color. The player so 
designated is supposed to punch 
his button—but only if Mr. Game 
Show has moved his mouth while 
issuing the call. 

The main purpose of Mr. Game 
Show, concedes Galoob R&D di¬ 
rector Rand Siegfried, is to add 
interest to activities that would 
otherwise seem too dull to spend 
much time with. “Nobody plays ‘hang¬ 
man’ once they stop going to study hall, 
because there are better things to do, like 
talk,” he says. Galoob is counting on the 
appeal of Mr. Game Show to make even 
such simpleminded pastimes a fun family 
activity, says Siegfried. 

One of the most popular toys of the last 
year turns the shoot-’em-up thrill of a vid¬ 
eo game into physical sport. In Lazer Tag, 
from Worlds of Wonder, players don 
light-sensitive vests and belts, and carry 
infrared-emitting guns. Teams score 
points by tagging opposing play¬ 
ers with light beams. The beams 
are modulated with a characteris¬ 
tic “signature” so that the sen¬ 
sors can distinguish them from 
the far more intense infrared 
coming from the sun. Although 
Lazer Tag’s technology resem¬ 
bles that used by the Army to 
conduct training maneuvers, 

Worlds of Wonder tries to play 
down the military implications. 
“Unfortunately,” says marketing 
VP Rago, “a tube with a handle is 
a highly charged image.” (Just 
how provocative toy guns can be 
was made tragically clear this 
spring in California. A police offi¬ 
cer who believed he was facing an 
armed prowler shot and killed a 
young man playing Lazer Tag.) 

The Star Wars allure of zap¬ 
ping your opponent with a ray 
gun does not end with childhood. 

Last fall, Worlds of Wonder spon¬ 
sored a college Lazer Tag tourna¬ 
ment, won by Long Beach State. 

This year, according to Rago, sev¬ 


about $3 for 6]/ 2 
minutes of high 
tech capture-the- 
flag in a dimly lit 
10 ,000-square-foot 
room. (Some fran¬ 
chises lower the 
rates for an early- 
evening “Zappy 
Hour.”) The object 
is to find your way 
through the maze¬ 
like setup to the op- 
ponent’s base. A 
central computer 
monitors the ac¬ 
tion, tallying up in¬ 
dividual and team 


Furry robots from Phonetica One come 
when called and howl at intruders. 


eral schools will have intramural Lazer 
Tag programs. And a similar Buck Rog- 
ers-style game draws a mix of ages to 18 
futuristic amusement centers around the 
country, owned by or franchised from 
Photon Entertainment. Participants 
wearing 14 pounds of space-war gear pay 


scores. 

The first Photon 
center opened in 
Dallas in 1984; by 
year’s end, 25-30 
will be in opera¬ 
tion, according to 
marketing director 
Mary Rygiel. She 
says that a typical center grosses about 
$1 million a year, and that 30% of the cli¬ 
entele are age 25 or older. The advent of 
Lazer Tag has helped business, she says; 
buyers of the toy-store versions come to 
the Photon centers to hone their skills in a 
controlled environment. And Photon En¬ 
tertainment has itself entered the home 
market; a licensee, LJN Toys, offers a 
Photon setup similar to Lazer Tag. 
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The toy industry has long re¬ 
lied on television to promote its 
wares—to the point where some 
cartoon shows amount to half- 
hour commercials for a particular 
product. This fall, however, the 
already cozy relationship be¬ 
tween toys and TV will reach a 
new level of intimacy. Two com¬ 
panies—Mattel and Axlon—are 
marketing toys that will serve as 
peripherals to certain shows. 

Mattel’s approach to interacti¬ 
vity resembles that of a tradition¬ 
al video game. For about five min¬ 
utes during a half-hour program 
that mixes live action with com¬ 
puter animation, the child will 
earn points by firing an airplane¬ 
shaped gun ($35) at bad guys on 
the screen from a distance of up 
to 10 feet. Meanwhile, the TV will 
somehow fire back, taking away 
points. (Mattel is disclosing no in¬ 
formation on how signals are 
transmitted from the television 
during the show, called Captain 
Power and the Soldiers of the 
Future.) If the player loses all his 
points, the airplane’s cockpit will eject. 
And when the hero of the show—Captain 
Power—gives a battle cry, an “energiz¬ 
er” accessory will send a beam of light 
through the child’s Captain Power doll. 
While activated, the energizer will allow 
points to be scored for and against other 
players within range. 

Although early publicity portrayed the 
product as relying on the show to work, 
Mattel emphasizes that the Captain Pow¬ 
er system can be played independently of 
television. Children can shoot at each oth¬ 
er’s jets to score points and cause ejec¬ 
tions anytime. Moreover, “battle and 
training” videotapes with 15 minutes of 
interactive footage will be sold separate¬ 
ly, further weakening the link between 
the product and a particular half hour of 
commercial broadcast time. 

While Captain Power is a variation on 
conventional video games, Axlon’s Tech- 
force ($250) can be seen as a derivative of 
another well-established product catego¬ 
ry: radio-controlled vehicles. Each of two 
transmitter consoles provides indepen¬ 
dent control of up to eight wheeled fig¬ 
ures, or “progs”; pressing different but¬ 
tons on the consoles moves them in 
different directions, or fires an infrared 
gun. All radio signals are at the same fre¬ 
quency, and individual progs are “ad¬ 
dressed” with digital encoding. 

There are several ways to play with the 
system when the TV show— Techforce 
and the Motomonsters, slated for the 
fall—is not on, explains Anthony Jones, 
Axlon’s vice-president for product devel¬ 
opment. In one mode, each player pro¬ 


Baby Talk responds to being 
fed, handled, or spoken to with 
a synthetic-speech repertoire 
of about 20 phrases. 
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grams in a series of moves for his 
team of figures. (For example: 
figure number 1, go forward, 
then right, then fire). When the 
start button is pushed, the fig¬ 
ures go into action; any that is hit 
with an infrared beam goes out of 
commission for the next 10 sec¬ 
onds of game play. “It’s like play¬ 
ing ‘battleship’ all over your liv¬ 
ing room floor,” says Jones. 

When the TV show comes on, 
some of the wheeled figures will 
act out the role of the bad guys 
(“demon progs”). At the start of 
the show, these demons must be 
arrayed about three inches apart 
in front of the TV set. Buried in 
the program’s audio track will be 
brief digitally encoded bursts of 
sound that a sonic decoder will 
translate into radio signals to 
drive the demon progs. These 
progs will then move around the 
floor to match the actions of their on¬ 
screen counterparts. The child will then 
maneuver the “good” progs in battle 
against the TV-controlled band of de¬ 
mons. 

The progs emulate more than what can 
be seen on screen, however. When a char¬ 
acter goes off screen in the show, the cor¬ 
responding prog will continue to move 
around the floor—giving the child a clue 
as to what may happen next during the 
show. For example, it may appear during 
the cartoon that the enemy has been 
chased off screen and is likely to meet his 
death. The demon prog, however, gets up 
and starts rolling back into the action. 
One big question about Techforce is 
whether it will appear at all. The product 
was first demonstrated early in 1986 and 
was supposed to come out last year. Ax¬ 
lon’s failure to produce it has cast some 
doubt in the toy industry on the compa¬ 
ny’s capabilities. 

For kids who feel they can improve on 
the TV programming served up to them 
by the adult world, Fisher-Price will bring 
out a fully functional camcorder in Sep¬ 
tember at a price—$150—that can practi¬ 
cally be covered by savings from a paper 
route. Fisher-Price’s key design decision 
was to settle for a much poorer picture 
than the grown-up video cameras offer. 
Images will be in black and white, with 
resolution of only 90 x 30 pixels, about a 
third as sharp as with conventional 
camcorders. This drastic reduction in 
information content allows the image 
to be stored on ordinary audio tape. In 
addition to being less bulky, audio 
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Fisher-Price’s $150 camcorder will record 11 minutes of black-and-white video on a standard audio cassette, 
says design chief Fisher (far left). 


tapes are played and recorded on with a 
stationary head, which is cheaper to 
manufacture and more rugged than the 
rotating heads needed with videotape. 
A standard 90-minute cassette will 
store 11 minutes of video (5/2 minutes 
per side). Sound quality will be compara¬ 
ble to that of Fisher-Price’s children’s 
tape recorder—good but not hi-fi. Sound- 
deadening material will insulate the built- 
in microphone from the motors, which 
will zip the tape through the machine at a 
speed comparable to “fast forward” on an 
audio deck. For playback, the camcorder 
can be hooked directly into a TV set (no 
VCR is necessary). 


/Simplicity governs the design. 

V There’s no focusing mechanism, ei- 
| ther manual or automatic. Fisher- 
Price gets away with that because 
the charge-coupled-device image pickup is 
sensitive enough to allow an optical sys¬ 
tem consisting of a single lens of very 
narrow diameter. This small-aperture 
lens is permanently focused on anything 
from four inches to infinity. The only ex¬ 
posure adjustment will be a neutral-densi¬ 
ty (gray) filter, which can be flipped over 
the lens for outside shooting and removed 
for dimmer indoor lighting. “The idea was 


to make it inexpensive, easy to use, and 
bomb-proof,” explains Robert Fisher, 
Fisher-Price’s senior manager of design 
engineering. 

A camera is not the only way to store a 
child’s creativity on the TV screen. Photon 
manufacturer LJN Toys is introducing a 
high tech “Etch-a-Sketch” that lets you 
paint pictures on the TV screen in up to 16 
colors. In its most open-ended mode, the 
Video Art system allows freehand draw¬ 
ing on a blank screen. Alternatively, soft¬ 
ware cards can be inserted into the unit to 
turn the TV into an electronic coloring 
book, with as many as 18 pages of pre¬ 
drawn figures. Pictures can be stored on 



a videotape to make an electronic scrap¬ 
book of the child’s work (a separate VCR 
is necessary). 


T 7" ideo Art is unusual among the 
I / latest high tech toys in that it so- 
1 / licits the child’s creative input. 
f Most others, despite claims of in¬ 

teractivity, tend to channel play in direc¬ 
tions conceived by the toy designer. But 
it’s “nonsense” to say that these toys will 
stifle chldren’s imagination, says Susan 
Youdovin, a child development specialist 
in St. Petersburg, Fla., who has consulted 
with toy companies for 10 years. 

Children, she asserts, will use whatever 
toys they have as springboards from 
which to launch their own fantasies. 
“They’ll listen to a talking doll for a cou¬ 
ple of minutes, then take off into their 
own imaginary world,” says Youdovin. 
And besides, she says, there’s nothing 
wrong with the occasional toy that lets 
the child be passive. After all, she says, 
“kids need down time too.” □ 


Herb Brody is a senior editor o/HIGH 
TECHNOLOGY. 


For further information see 
RESOURCES, p. 66. 
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LIFE WAS SIMPLER THEN. 


This young man lived life 
at a slower pace in 1849. 
That was the year Pfizer 
first opened its doors. His life 
expectancy, however, was 
less than 40 years. 

Today, thanks in part 
to health care research, a 
man can look forward to 
a life span of 72 years or 
so, a woman 78. And 
those years are richer and 
healthier than our prede¬ 
cessors ever dreamed. 

However, one of every 
nine Americans is 65 or older. 
Within 40 years, the ratio 
will be one of every five. 

And as we live longer, we 
face different and often 
more complex sickness 
and disease. Science must 
keep pace with those 
needs. 

Companies like Pfizer 
are rising to the challenge, 
marshalling the latest 
medical and technological 
knowledge to discover 
and develop new pharma¬ 
ceuticals. Last year more 
than four billion dollars 
was spent on pharma¬ 
ceutical research in the 
United States. 

Its goal: to help people 
live longer, healthier lives. 

And Pfizer has made a 
firm commitment not only to 
pharmaceutical research, 
but also to hospital products, 
agriculture, specialty 
chemicals, materials 
science and consumer 
products. 

Pfizer's work in these 
fields could have extended 
this young man's life and 
improved its quality. Pfizer's 
dedication to research 
will help make that happen 
for today's men and women, 
young and old. 


BRINGING SCIENCE 
TO LIFE 




Bader Service Card. 






Inside the High Tech Apple 



P eople think of New York as the 
financial, corporate and com¬ 
munications hub of the na¬ 
tion—but not as a vital center of high 
technology. But that doesn’t detract 
from the scope of New York City’s 
high tech community. As Dr. Joshua 
Lederberg, President of The Rockefel¬ 
ler University, points out in one of a 
series of interviews with business, gov¬ 
ernment and academic leaders pre¬ 
sented here, there are about 225,000 
people employed in high tech jobs just 
in the five boroughs. And the New 
York-New Jersey metro area has over 
800,000 high tech workers compared 
to Silicon Valley’s 260,000 and Route 
128’s 200,000. 

We also learn upon examining the 
Bureau of Labor Statistics data of the 
New York-New Jersey Metropolitan 
economy, that approximately 14.6 per 
cent of all regional jobs can be classi¬ 
fied as high tech—a very respectable 


percentage. In these industries, the 
rate of employment growth between 
1975 and 1981 was about 10 percent, 
compared to nine percent growth in 
the 17-county region. In at least nine 
high tech industries—including instru¬ 
ments, electronic components, electri¬ 
cal machinery, communications, 
engineering and architectural ser¬ 
vices—the rate of growth in the met¬ 
ropolitan area exceeded that of the 
nation. 

The fact is, New York City is enjoy¬ 
ing a boom, and City officials are work¬ 
ing to ensure that this new prosperity 
is distributed throughout the bor¬ 
oughs. As Alair Townsend, the Deputy 
Mayor for Economic Development, 
points out, the City is busy revitalizing 
the Bronx and building a huge new fi¬ 
nancial/business center in Brooklyn 
just across the bridge from Manhattan. 

The following series of interviews 
will further demonstrate the determi¬ 


nation of the public and private sec¬ 
tors to succeed in the New York 
metro area. The outlook for the High 
Tech Apple augers well for continuing 
expansion. 

Interview with Alair Townsend, 
Deputy Mayor, Economic Develop¬ 
ment New York City 

Q : What incentives does the city 
offer to businesses in general? 

A: Before I answer that, it’s critical 
that the outside business community 
understands that Mayor Koch turned 
the city around, that he made neces¬ 
sary economies. We’re in our seventh 
year of balanced budgets based on 
GAAP (Generally Accepted Account¬ 
ing Principles.) Our good fiscal repu¬ 
tation has been restored. So we can 
begin to think in terms of long-range, 
capital improvements, education. Our 
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Alair Townsend 


available for those who need it. 

Q : Protocom Devices, Inc., is a 
small start-up that’s prospered. 

A: They were at Willow Avenue and 
got $4 million from the Port Authority 
to build in our Bathgate Industrial Park 
in the South Bronx. Ramon Morales of 
Protocom will tell you how advanta¬ 
geous it is for a data communications 
firm such as theirs to be located in 
New York. He’ll tell you telecommuni¬ 
cations is the city’s lifeblood, so his 
market is here. The buyers are here, 
the universities are here—the whole 
infrastructure a company like that 
needs to grow. 

Q : So a goal is to strengthen resi¬ 
dential and business development 
simultaneously. 


schools are targeted for billions of dol¬ 
lars worth of improvements. 

High tech firms are fully integrated 
into our overall economic strategy. We 
help them to succeed in a variety of 
ways. We offer property tax exemp¬ 
tions for up to 22 years to companies 
that build new facilities or rehabilitate 
old ones north of 96th Street in Man¬ 
hattan and in the other four boroughs. 
Energy costs, which can be expensive 
for high tech firms, are reduced under 
incentive plans by Con Edison, Brook¬ 
lyn Union Gas and New York City. 

We can also help a high tech com¬ 
pany get started and financed, begin¬ 
ning with site selection. For example, 
our real estate assistance unit will pro¬ 
vide you with a free listing of industrial 
and commercial space for rent or sale 
in whatever area of the City you are 
considering. 

The City also owns land and we’ll 
work with you to buy or lease it, no 
matter how specialized your needs. 

For example, Enzo Biochem came to 
us with a set of unique specifications. 
They wanted to be in the heart of a 
medical complex. We arranged for 
them to renovate an old morgue on 
the Bellevue campus. They in turn will 
B offer space to other high-tech firms. 

S Q • What other efforts do you 
2 make? 


E.A: For small firms...there’s the Wil- 
•§ low Avenue incubator in The Bronx. 

£ It’s a facility that offers small blocks of 
^ space, shared service, xeroxing, on-site 
S managers, funded by the City and the 
c Port Authority (of New York and New 
% Jersey). One thing about New York: 

< you don’t have to look around for 
■ funding. Venture capital is readily 


A: Metrotech is an example...live 
near your job. Here are nearly 3 mil¬ 
lion square feet of space for research 
and offices in a campus environment 
in the heart of Brooklyn with access to 
research labs, engineering training. 
They’ll give you custom-designed of¬ 
fices at rents that are a fraction of Man¬ 
hattan’s. And you’ve got the benefit of 
being associated with Polytechnic In¬ 
stitute, its libraries, training... 

Q : What else is the city doing? 

A: A lot of things. Anybody with a 
question can call 212-NY-MAGIC, our 
hotline. Or they can write me at the 
Office for Economic Development, 17 
John Street, New York, NY 10038. But 
we’ve got programs that will cut 
through red tape, find and train em¬ 
ployees, help you if you’re a company 
run by a minority or woman. 

We’ve got low-cost loans to close 
the gap between conventional financ¬ 
ing and your total project costs. Our 
Revolving Loan Fund has made over 
$38 million in such investments. The 
State Job Development Authority has 
made $29 million more. We’ve also got 
below-market rate subordinated mort¬ 
gage loan help. We use Federal Urban 
Development Action Grants to make 
these loans. Since 1978, we’ve extend¬ 
ed $170 million to a total of 64 pro¬ 
jects. In turn, they’ve leveraged 
another $1.2 billion in private dollars. 

Q: Anything else? 

A: The Teleport. The City is spend¬ 
ing $10 million to provide the services 
and roads for the new Staten Island 
teleport. Readers of High Technology 
will understand that a teleport is as vi¬ 


tal to processing information as sea¬ 
ports and airports are to moving 
commerce. It’s the world’s first com¬ 
munications center, office park, and so 
on with a fiber optic network linked to 
satellite transmission facilities. 

The Port Authority originated the 
concept and is overall developer. It’s a 
350-acre site on the expressways 
about 10 miles from Manhattan. The 
Port Authority has set aside $57 mil¬ 
lion on site preparation and infrastruc¬ 
ture for the first phase, about 100 
acres. The 150-mile fiber optic net¬ 
work serving the region began operat¬ 
ing in April 1985. It was completed 
the following December to Manhattan, 
Brooklyn, Queens and to New Jersey— 
Newark, Jersey City, as far as 
Princeton. 

Q : What kinds of companies 
make use of it? 

A: It’s caught on very fast. There are 
more than 25 companies already. 
You’ve got long-distance carriers such 
at ITT, U.S. Sprint, RCA, AT&T, broad¬ 
casters, financial companies such as 
Merrill Lynch, Dow Jones, Bankers 
Trust, those kinds of participants. 

Q : Much of their data is transmit¬ 
ted by satellite. 

A: Seven earth stations now are op¬ 
erating. Three of them serve broad¬ 
casters like Catholic Telecommuni¬ 
cations Network of America, Hughes 
Television, and so on. COMSAT and 
TRT Communications own a fourth. As 
information becomes increasingly vital 
to business services, you’ll find New 
York City first here. I mean, as the fi¬ 
nancial and communications capital of 
the world, we have to be in the 
forefront. 

Interview with Dr. Joshua Leder- 
berg, President, The Rockefeller 
University, and Chairman, The 
High Tech Committee, New York 
City Partnership, Inc. 

O : People don’t normally think 
of New York as a high-tech center. 

A: That’ll change. Eventually, the im¬ 
age will catch up with the reality. The 
issue is partly one of proportion—high 
tech is a smaller part of the total eco¬ 
nomic and population basis than other 
centers. Even so, New York’s image 
doesn’t do credit to the reality. You 
should think of New York as the hub 
of a 400-mile long metroplex corridor, 
a 40-million person market, not 10- 
million. This market has four of the 
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“New York. 

It’s not just where I work, 
ift where I belong? 


The energy of New York, the pace, the excitement. You want to be in New York, 
but running a business here can be tough. 

Con Edison understands the realities of running a business in the city. So we 
developed Project Appleseed. 

Project Appleseed is a special, reduced-rate program designed to encourage 
the growth of businesses in areas of New York where our facilities are 
underutilized. It works in three ways: 

Appleseed for special areas. If you start, relocate or expand your business 
in any of our special areas in New York, you could be eligible for significant 
reductions of up to 30% on your electric bills and 21% on your gas bills. 

Introduced in 1981, Con Edison’s reduced-rate programs are contributing to the 
revitalization of 18 areas of New York City. 

Appleseed for vacant buildings. If you move your business into a vacant 
building located in certain sections of New York City and Westchester County, you 
may qualify for reductions of up to 12% on electricity and 21% on gas. 

Appleseed for new buildings. If you choose to build or move into a new 
building in areas of New York City and Westchester, similar reductions apply-up 
to 10% on electricity and 21% on gas. 

And you could qualify for further electric and gas savings through New York 
City’s own Energy Cost Savings Program. 

Project Appleseed. Because we want your business. Here. In New York. To find 
out how Project Appleseed can work for you in New York and in Westchester 
County, call John Manak, Manager of Area Development, at (212) 460-4000. Or 
write to him at Con Edison, Area Development, 4 Irving Place, New York, N.Y. 10003. 
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The High Tech 
Vision Lives in 
New York 




There are great opportunities on 
the horizon for high technology business 
in New York State. In fact, more than 80 of 
the largest corporations in the United 
States, including IBM, GE, Grumman, 
Kodak, and Corning, already call New 
York State home; if the State were a 
nation, it would rank 11th in the world 
from an economic standpoint. 

But New York is also home to the 
fastest growing small business sector in 
the nation with thousands of companies 
starting up here--like Applied Robotics 
Inc., Fifth Generation Computer Corp., 
Clean Room Technology Inc., Sono-Tek 
Corp., and Laboratory Microsystems 
Inc. And New York has the resources to 
help these entrepreneurs achieve their 
vision. 

New York's labor force of over 8 
million is among the most productive in 
the United States. That's according to 
the U.S. Census Bureau. 

For high technology business in 
particular, New York is fertile ground. 
More than 250 degree granting 
institutions produce over 25,000 
graduates in nearly 200 different 
scientific and technical fields every 
year. 

And New York State government 
is behind entrepreneurs every step of 
the way. With an array of programs to 
help them adapt new technologies to 
the workplace, obtain seed funding for 
new ventures, pursue innovative 
research and development, and 
secure long-term major financing for 
growth and expansion. All working to 
implement New York's innovative 
technology policy. 


If you'd like to know more, contact 
the New York State Science and 
Technology Foundation at (518) 474- 
4349. We ll be happy to assist you with 
the information and resources that can 
help your business move ahead. 

Because in New York, 

we can see beyond the horizon. 

Circle No. 55 on Reader Service Card. 
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ten metros: larger than California and 
Texas combined. 

Q: Is that significant? 

A: Absolutely: one fifth of the Ameri¬ 
can population concentrated in a 200 
mile semi circle around the city! That 
location bears on shipping, costs, pur¬ 
chasing power, buying clout, skill, 
power, availability at every level. The 
total personal income of the greater 
New York region for 1983 was $270 
billion, nearly twice that of California’s 
$150 billion. 

S 1 • Can you maintain your leader- 
ip in high tech jobs? 



Dr. Joshua Lederberg 


A; We have to! High-tech jobs are vi¬ 
tal to our growing service industries— 
banking, telecommunications, medi¬ 
cine, education. With a determined ef¬ 
fort, New York can have 400,000 high- 
tech jobs by 1995. 


Q : Like much of the rest of the 
country, manufacturing levels have 
declined in New York City, costing 
some high tech jobs. According to 
an in-depth study by Booz-Allen & 
Hamilton, the city lost 4,000 high- 
tech jobs between 1977 and 1983. 


A: Yes, but we have seen non-manu¬ 
facturing jobs increase. Close to 40 in¬ 
dustries in the private sector are 
classified as producing high tech 
goods or services. In addition to our 
240-plus computer-related services 
firms and 40-50 biotech-based compa¬ 
nies, we’re extraordinarily strong in 
high tech services: telecommunica- 
c tions, broadcasting, engineering, archi- 
tecture consulting, and R&E. 

< New York is unique in its concen- 
■ tration of high tech users, as opposed 


to technology developers who need 
continuing technology innovation and 
service support. These users are a rich, 
growing market for high tech services 
and manufacturing. That Booz-Allen 
report you mentioned notes that a 
carefully targeted program to build on 
the high tech job base could generate 
up to 125,000 new jobs in the next 
decade. 

Q : What is the Partnership doing 
to spur this develoment? 

A: We’re committed to enacting the 
Booz-Allen recommendations. Our 
committee found the city’s assets and 
competitive advantage provide a solid 
foundaton for building our high tech 
base, especially in computers and 
biotechnology. 

The Partnership has been designat¬ 
ed by the New York State Science and 
Technology Foundation as the Region¬ 
al Technology Development Organiza¬ 
tion for the city. We’re assembling a 
comprehensive data base of high tech 
businesses, university research re¬ 
sources, and public and private sector 
resources. We’re the focal point—a 
coalition of business, academic and 
non-profit leaders—and we’ve distrib¬ 
uted our strategic plan known as The 
Blueprint for action to expand and di¬ 
versify our business base. 

O : So this group focuses on criti¬ 
cal needs? 

A: Examples: we need to develop 
more high tech R&D incubator space, 
especially for telecommunicaitons and 
computer-related service companies. 

We need to offer more incentives to 
attract high tech ventures. We need to 
help the city improve its housing, edu¬ 
cation, and public services. 

Q : What kind of interaction do 
you have with the State? 

A: As allies, going down the same 
road. Vincent Tese, Chairman of the 
Urban Development Corporation, is a 
member of our committee. He recent¬ 
ly launched the Economic Develop¬ 
ment Zone Program. The State’s also 
created a low-rate loan program to 
help manufacturers modernize and re¬ 
tool. Governor Cuomo is pushing hard 
for a statewide fiber-optic network and 
funding more university research. 
They’ve also just doubled the lending 
ceiling of the state’s economic devel¬ 
opment bank. 

We have a golden opportunity to de¬ 
velop high technology as a key compo¬ 
nent in diversifying the economic base 


and maintaining New York as Number 
One among world-class cities. 

Interview with Herbert Morse, 
Vice Chairman-New York Region; 
and Michael Plansky, Peat Marwick 
Main & Co., Partner In Charge, 
High Technology, New York City. 

Q : Is New York really a high 
technology center? 

MORSE: Indeed it is. There are over 
1,000 high tech companies in the five 
boroughs of the City alone, with nu¬ 
merous others in the metropolitan 
area, employing hundreds of thou¬ 
sands of individuals. The City’s econo¬ 
my in general—and the high tech 
industry in particular—is principally 
service oriented rather than manufac¬ 
turing oriented. And the industry is 
not as visible in New York. Companies 
are not clustered together. Instead, 
they occupy space in anonymous 
buildings in lower Manhattan, the out¬ 
er boroughs and the rest of the metro¬ 
politan area. Collectively, though, they 
comprise a thriving high tech industry. 
The challenge is to enhance the image 
of the City as a high tech center and— 
more important—to leverage the tre¬ 
mendous resources that we have here. 



Q: How can that be done? 

MORSE: The infrastructure for a flour¬ 
ishing high tech industry exists here— 
strong technical universities, financing 
availability, supportive State and City 
government agencies, professional as¬ 
sociations, public relations firms, law 
firms and accounting firms. However, 
the network needs to be more clearly 
defined, with all of these groups work¬ 
ing together more closely. 














Our Soil Grows The Biggest Plants. 


We're talking about Brooklyn, 
Queens and Staten Island-Brooklyn 
Union's New York. 

One of the newest and biggest 
developments is MetroTech, planned for 
downtown Brooklyn, right in our own 
backyard. 

MetroTech is a 4.3 million square 
foot academic, commercial and 
high technology office complex being 
developed by Forest City, MetroTech 
Associates, and MetroTech, a non-profit 
affiliate of Polytechnic University, 

In addition to a 100,000 square 
foot building to house Polytechnic's 


Center for Advanced Technology in 
Telecommunications and Science, 
MetroTech will also include ample 
space for technology-oriented busi¬ 
nesses who need offices, commercial 
space, and research and development 
facilities. 

To learn more about MetroTech 
and other high technology centers in 
Brooklyn, Queens and Staten Island, 
call our Director of Area Development, 
Michael J.Teatum, Jr. at (718) 403-3370. 
You can also write to him at Brooklyn 
Union Gas, 195 Montague Street, 
Brooklyn, New York 11201. 


($)Brooklyn Union Gas 
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PLANSKY: In feet, the New York City 
Partnership has done a great deal to in¬ 
tegrate these resources, and will con¬ 
tinue to act in its vital capacity as 
facilitator. 

MORSE: People must focus on the is¬ 
sues. We at Peat Marwick, for exam¬ 
ple, have identified the metropolitan 
New York area as a strategic high tech 
region because of its enormous user 
market, vast telecomunicatons net¬ 
work, proximity to the financial ser¬ 
vices industry, medical research 
capabilities and the general vitality of 
the City. In response to the existing 
market and its potential to grow, we 
have committed significant resources 
to serving this particular market. 

Q t What are these issues? 

PLANSKY: There are perceptual is¬ 
sues concerning the quality of life in 
the City and real issues, including the 
high cost of living and working in New 
York and the high tax rate. An effective 
marketing campaign must be under¬ 
taken to deal with perceptual issues 
concerning the quality of life. But the 
real issues should be addressed prior 
to promoting the City as the high tech¬ 
nology center that it is. 



Michael Plansky 


o The tax burden for companies doing 
S business in New York City is one of 
2 the highest in the nation. However, 

S there are various tax and economic in- 
1, centives to encourage companies to 
% do so, including real property tax 
5 abatements, tax credits for relocating 

to the City, and immediate expensing 
.5 of all qualified research and develop- 
c ment property. 

j- The State is currently moving on 
< several fronts to reduce the burden for 
■ corporations. Consideration is being 
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given to eliminating the corporate tax 
on capital, the alternative tax and the 
90% disallowance of the deductability 
of the interest paid to certain share¬ 
holders, and well as reducing the tax 
rate. These are all positive steps for 
New York’s economy in general, and 
particularly for high tech companies 
that want to do business in New York 
State. To become more competitive 
with neighboring areas, the City 
should take parallel steps. 

Additonal incubator fecilites should 
be created to help high tech start-up 
companies cope with the high cost of 
doing business in this area and to pro¬ 
vide the necessary back office support 
that companies need in their early 
stages. 

Q : But won’t all this result in a 


substantial loss of revenue? 

PLANSKY: It shouldn’t. Lowering tax¬ 
es could attract companies to the City, 
thereby expanding its tax base. A 
short-term loss of revenues might not 
be detrimental, as the City is currently 
operating at a surplus. Additionally, the 
Federal Tax Reform Act of 1986 will 
create a windfall unless the City re¬ 
structures its current tax system. 

Q : Why is an accounting firm so 
involved with high technology in 
New York City? 

MORSE: As a firm, and as individuals 
who live and work in New York, we 
obviously have an interest in the eco¬ 
nomic well-being and future viability 
of the City. High technology—partial 


BROOKLYN, OUTER BOROUGHS HOLD 
DEVELOPMENT PROMISE 

“We’ve got some of the best new office locations in the New York metropoli¬ 
tan area,” Michael Teatum Jr. says proudly, “and they’re better situated than ei¬ 
ther Boston or Silicon Valley.” 

Teatum is the Director of Area Development for Brooklyn Union Gas, the big 
utility servicing that borough, Staten Island, and about two-thirds of Queens. And 
he can look out his window and see one of those centers going up. It’s the twen¬ 
ty-one story, 8143-million office tower under construction in downtown Brook¬ 
lyn’s Pierrepont Street with Morgan Stanley as principal tenent. 

But that’s just one of a dozen major new complexes taking shape in this city of 
two million just a bridge away from Wall Street. Taking advantage of its location, 
superb highway net, quick access to both LaGuardia and Kennedy airports, inex¬ 
pensive office and affordable housing space, world-class Atlantic port, and build¬ 
ing on its two reknowned technology schools, a new Brooklyn is rising on the 
horizon. 

Teatum cites a number of major new projects taking shape within a few miles 
of the big utility’s downtown headquarters, including Atlantic Terminal/Brooklyn 
Center, a two-phase 8500 million complex offering 3-million square feet of office 
space, 643 apartments, and stores, to go up in the heart of downtown; and Metro- 
tech, the sixteen acre technology office headquarters and research park that will 
link the fecilities of Polytechnic Institute and the New York State Center for Ad¬ 
vanced Technology in Telecommunications. (Brooklyn Union Gas will relocate 
its headquarters there.) 

Unlike densely-built Manhattan, the North Brooklyn section alone offers more 
than 500,000 square feet of open land for new construction. Lots ranging from 
2,500 to 200,000 square feet are available at prices that are competitive with sub¬ 
urban New Jersey or Long Island. 

In additon to a wide variety of services offered by the City, Teatum says Brook¬ 
lyn Union Gas will help interested companies identify jxitential sites. 

“We do the legwork for them. We maintain contacts with the best industrial 
and commercial realtors.” Teatum goes on to say, “If a company is interested in 
Brooklyn, we’ll do a site survey to give us a precise idea of their needs. We will 
screen prospects for them, go out on location with them, conduct an energy eval¬ 
uation, and help them obtain financing, whether it’s for coastruction, mortgage fi¬ 
nancing, or capital equipment. 

Since the utility is very conscious of controlling energy costs, it provides a spe¬ 
cial rate—known as EDGAR for Economic Development Gas Rate—which is a 
25% discount off the standard if the firm relocates in an economic development 
zone. The new tenant can also take advantage of the city’s 20% discount, giving it 
a total energy writedown of 45%. 









larly in the areas of computer-related 
industries, telecommunications and 
medical technology—can provide nu¬ 
merous jobs, thus helping to assure 
New York’s future competitiveness. 

PLANSKY: We’ve addressed the 
needs, concerns, opportunities and 
challenges of a great many high tech 
companies in all phases, from start up 
to maturity, and this remains a key area 
of our practice. Going far beyond tra¬ 
ditional accounting, auditing and tax 
services, we act as business advisors, 
lending assistance in such areas as 
identification of management team 
members; business and tax planning; 
working captial and cash management; 
identification of financing sources; and 
executive compensation and benefit 
strategies. Our recent affiliation with 
Regis McKenna, a premier high tech 
marketing firm, expands our ability to 
provide public relations and marketing 
services to burgeoning high tech 
companies. 

Interview with Edmund T. Pratt, 
Jr., Chairman of the Board and 
Chief Executive Officer of Pfizer 
Inc. 

Q: How Important is technology 
to Pfizer? 

A: Central to everything. Last year 
we spent $336-million on R&D. R&D 
is the heart of a modem pharmaceuti¬ 
cal firm. We have more newly discov¬ 
ered drugs in the works than at any 
time in our history. We got marketing 
approval in Switzerland and New Zea¬ 
land for Carduran, that’s for the treat¬ 
ment of hypertension. And we’ve filed 
in the U.S. for marketing approval for 
Procardia GITS (gastrointestinal thera¬ 
peutic system). Procardia is already 
the best-selling anti-angina drug in the 
U.S. and ongoing research has yielded 
new indications for Feldene, the first 
once-daily non-steroidal anti-inflamma¬ 
tory for arthritis. We first launched 
that overseas in 1979, again, the prod¬ 
uct of intensive research, technology. 
Now we are filing to use Feldene as an 
analgesic. All our major drugs—Mini¬ 
press, for high blood pressure, Cefo- 
bid, and antibiotic, Glucotrol, an anti¬ 
diabetic—all inextricably linked to the 
quality of our technological 
knowledge. 

Q : You are growing- 

A: Oh, yes; gathering momentum. 
Sales topped $1 billion in 1972 for the 
first time. By 1977, they exceeded $2 
billion. In 1980, they were $3 billion, 



Edmund T. Pratt, Jr. 


and last year we established a record 
$4.47 billion. The statisticians tell us 
we’re now the third or fourth largest 
pharmaceutical company in the world 
and according to Fortune magazine 
we’re the 24th most profitable compa¬ 
ny in the U.S. Today we have about 
40,000 employees spread over 140 
countries. 

Q : But your headquarters are 
here in New York. 


A: We have a commitment to the 
city. We have over 2,200 people in our 
Manhattan office. We have 750 more 
in our Brooklyn plant in East Williams¬ 
burg and over 250 in the other bor¬ 
oughs. We’re ranked as the largest 
manufacturing employer in New York. 

Q : Mayor Koch once said, “When 
New York City was down and out 
and corporations were leaving in 
droves, Ed Pratt stood up like ‘Ho¬ 
ratio at the bridge’ to defend the 
City and to stem the tide.” Actually 
that decision was sort of a turning 
point for Pfizer and other 
corporatons... 

A: Well, in the early 70s we took a 
long, hard look at the City, at our op¬ 
tions. We made an in-depth analysis of 
several different locations. And we 
took into consideration, actually, 100 
different factors for each of them—ge¬ 
ography, economics, labor costs, quali¬ 
ty of life, risk factors, schools, 
shopping, taxes, and so on. We looked 
particularly hard at what life would be 
like for our employees each day. When 
we finished, we concluded that while 
New York City had its problems on 
balance it had much more to offer, so 
we stayed. 


TELEPORT COMMUNICATIONS: 

New York’s Superior Network 

New York City used to be a one-network town, with no alternative if local tele¬ 
communications service was bad and no backup in case of failure. 

Now there’s an innovative alternative. 

Teleport Communications’ 150-mile regional fiber optic network. Use it for 
communications between your company’s buildings or to access long distance 
networks or satellites. 

Ours is the only network in New York City that provides end-to-end fiber op¬ 
tics, with 24-hour automatic monitoring and separate back up routes to guaran¬ 
tee accurate and uninterrupted communications. 

And because we’re not the only network in town, we work a lot harder to give 
you better service. 

More than 40 of New York’s larg¬ 
est companies are already benefit- 
ting from our fast service 
installation intervals and superior 
quality. Our customers’ prices are 
guaranteed for 3-5 years, allowing 
tham to plan their communications 
costs for the future. 

By providing an alternative net¬ 
work, Teleport Communications 
makes New York city a better place 
to do business. Call 1-800- 
TELEPRT to find out why. Superior Service for your vital communications. 



Teleport Communications: 
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Q : So the decision to remain was 
not based on sentiment or 
pressure? 

A: On the contrary. Before we un¬ 
dertook our study, we had eight mem¬ 
bers on our executive committee and 
all of them had voted to leave the city. 
But we decided to make the analysis. 
When all the facts were presented, ev¬ 
ery one of the committee members 
voted to stay. 

Q ' What kind of support have 
you had from the city 
administration? 

A: A lot in attacking the problems of 
deterioration. The Broadway Triangle 
Industrial Park is taking shape. Our 
Brooklyn plant is the anchor for this 
development. We’ll be creating a half 
million square feet of new industrial 
space. We hope to be generating be¬ 
tween 800 and 1,000 new jobs. 

In cooperation with the New York 
City Partnership we’re going to have 
several hundred units of low- and 
moderate-income housing going up. I 
was glad to have the opportunity to be 
a founding member of the Partnership 
and all it does for this city. I think last 
year they actually came up with over 
30,000 summer jobs for youth...they’re 
putting up about 1,000 housing units a 
year for middle-class families... 

V : Apart from strengthening the 
city’s technology base, what are the 
other items at die top of your 
agenda? 

A: For one thing, we have a strong 
commitment to high technology in the 
public policy arena. We want to pro¬ 
tect this country’s technological lead 
at every level, national and internation¬ 
al. Dr. Gerald Laubach, our president, 
has served on President Reagan’s Com¬ 
mission on Industrial Competitiveness. 
I’ve served as chairman of the Advisory 
Committee for Trade Negotiations and 
on the President’s Export Council. 

Q: I take it your view is that gov- 
o emment should be a help, not a 
S hindrance. 

| A: Yes, but we need government 
g, support if we are going to remain 
•§ competitive in a tougher, global mar- 
J ketplace. We are still powerful—our 
^ land, our resources, our people, our 
■| ability to innovate and create, our in- 
c tellectual promise. The Japanese are 
% masters at business-government coop- 
< eration for global market penetration. 

■ We can learn something from them. 
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Interview with John R. Manak, 
Manager, Area Development, Con¬ 
solidated Edison Company of New 
York, Inc. 

Q: What’s that? 

A: It’s a Big Apple pin symbolizing 
Project Appleseed and New York. It’s 
our area development program. We of¬ 
fer reduced rates for qualifying firms, 
both electric and gas. Companies that 
start, relocate or expand operations in 
certain economically disadvantaged ar¬ 
eas are eligible. 



John R. Manak 

Q : The idea being? 

A: To spur economic growth and job 
creation for participating firms where 
Con Edison has underutilized facilities. 
We estimate that the 6,100 companies 
in Project Appleseed have created 
30,300 jobs since the program was 
launched in 1981. 

We started in South Bronx, in 
Brooklyn neighborhoods like Williams¬ 
burg, Bedford, Bushwick, Red Hook, 
East New York, and Coney Island. In 
1984, we added more to the South 
Bronx, Harlem, Corona, and Ridge¬ 
wood in Queens. Also portions of Stat¬ 
en Island, and expanded areas in 
Brooklyn. 

Q : Queens? That surprises me. 

A: Absolutely. Queens is now one of 
the top 13 industrial counties in the 
entire United States. Queens has 2,700 
manufacturers and 2,600 wholesalers. 
It’s a great incubator for industries. 
Long Island City has been a manufac¬ 
turing stronghold for years and it’s 
booming now. It’s the hub of the east¬ 
ern motion picture industry. The film 
industry started out there and those 


studios have been modernized. Air 
freight around Kennedy and LaGuardia 
is booming, and there are lots of good 
industrial sites available. Queens is 
nearly 120 square miles, with lots of 
beautiful residential neighborhoods. 

There are more than 1,000 manufac¬ 
turing companies doing business in 
the Bronx, too. Lots of small manufac¬ 
turers. In fact, the Big Apple is made 
up of little apples. We all know about 
approximately 100 “Fortune 500” 
companies with headquarters in the 
city. But it’s the smaller firms that pro¬ 
vide more than half the jobs. About 
98% of the manufacturing businesses 
in the city employ fewer than 100 
workers. 

Q : So you can provide them with 
lowcost space? 

A: When you consider the over¬ 
whelming majority of our manufactur¬ 
ers are small companies, many start¬ 
ups, you can see what these gas and 
electric power reductions can mean to 
them. For many that move into the dis¬ 
advantaged areas, counting our reduc¬ 
tions and the City’s energy cost savings 
program can cut a $12,000 electric bill 
to $5,880. That’s more than half. 

There’s a special rate for qualified 
firms that reoccupy vacant commercial 
and industrial buildings throughout 
our service area, in the five boroughs 
for electricity, and also gas rate reduc¬ 
tions in Bronx, Queens and Manhattan. 
You could qualify for reduced electric 
rates if you move into newly construct¬ 
ed space, too. 

Q : How long will the special rate 
be in effect? 

A: Through the end of 1994. Some¬ 
thing else I might point out. We have 
not had a rate increase for the past 
four years. Actually, we’ve just had a 
three per cent rate decrease. And our 
Chairman Arthur Hauspurg recently 
signed an agreement in Albany with 
Govenor Cuomo to pledge there will 
be no rate increase for another three 
years. So that’s seven years of actually 
decreased rates. 


y • Who do business executives 
call for further information on Pro¬ 
ject Appleseed? 


A: Call me directly: (212) 460-4153. 

Q: Thank you. 


Interviewer Sherwood Ross, Public Relations 
Director for High Technology Magazine, 
writes a weekly column on business develop¬ 
ment for the Reuters News Service. 











New York? 

A high tech center? 
You bet. 


Wall Street. Broadway. Madison Avenue. 
Fifth Avenue. Everyone knows New York 
is a financial center, a cultural leader, an 
advertising trendsetter, and home to the 
most famous names in retailing. 

But we raised a few eyebrows when we 
started asking questions about high tech¬ 
nology in the Big Apple. What we found 
is that New York is home to no fewer than 
1,000 high tech companies. It seems that 
the city has a lot to offer high 
technology—and vice versa. 

To meet the special needs of high tech¬ 
nology companies, we took action. 

Peat Marwick was the first professional 
accounting firm to start a specialized 
high technology practice—nationally 
and locally. We’ve dedicated ourselves 
to making New York a high tech center. 

Now, when you talk high tech here, 
you’re talking Peat Marwick. We speak 
your language, and we know what it takes 
to make high tech profitable in New York. 

If you would like to know more, call 
Michael Plansky, partner in charge of the 
New York high technology practice at 
212-872-5724. 


KPMG Peat Marwick 


345 Park Avenue 
New York, NY 10154 
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INDUSTRIAL ADHESIVES 
START TO SPREAD 



/^ince the advent of epoxies in the 

V 1950s, adhesives have promised a 
| number of advantages for manu- 
L/ facturers: more even distribution 
of stresses, the elimination of mechanical 
fasteners (and hence 
simpler assembly), 
and savings in cost 
and weight. Several 
factors have pre¬ 
vented adhesives 
from sweeping in¬ 
dustry at large—un¬ 
certain durability, 
for example, and the 
need for different 
production process¬ 
es from those al¬ 
ready set up for con¬ 
ventional welding, 
rivets, nuts, and 
bolts. But glue is 
starting to see wider 
use, especially as 
manufacturers in¬ 
creasingly build 
their products from 
materials such as 
plastics and compos¬ 
ites, for which the 
traditional methods 
are unsuitable. 


has been used to build more than 100 sta¬ 
diums, viaducts, and bridges, including 
the Costa e Silva bridge near Rio de Janei¬ 
ro—the longest in South America. Al¬ 
though more expensive than the portland 


Automaking robots are starting to trade in their welding guns for glue 
as cars are built more from plastics, aluminum, and composites. 


The construction industry offers sever¬ 
al instances where adhesives are directly 
replacing conventional fastening tech¬ 
niques. Mastics—viscous adhesives with 
either a latex or a solvent base—have 
eliminated up to 75% of all nailing in the 
construction of houses, according to 
Goodyear, which produces such adhe¬ 
sives. They also are widely used in con¬ 
structing factory-built houses, which are 
easier to transport when there are no 
nails to pop. 

Epoxy-based mortars have found con¬ 
siderable use in assembling massive pre¬ 
fabricated structural sections of bridges. 
In one technique, for instance, the sec¬ 
tions are strung together with steel ca¬ 
bles to form long beams supported by 
widely spaced piers. Adjacent sections are 
adhesive-bonded to carry the vertical 
shear loads, while the cables take the 
bending and tensile stresses. This method 


by T. A. 


cement conventionally used, the epoxy 
mortars are justified by their higher 
strength and reduced brittleness. 

In automobiles, adhesives can reduce 
noise and vibration by forming continu¬ 
ous joints. Formulations for this pur¬ 
pose—as in the Ford Thunderbird—typi¬ 
cally displace braces and sound deadeners 
costing 10 times as much. Adhesives 
could also enhance design flexibility. Bod¬ 
ies today are designed for welding, with 
joints that suit welding operations. But if 
engineers were to apply adhesive-bonding 
approaches at the developmental stage, 
they could eliminate such design compro¬ 
mises as the gaps in structural compo¬ 
nents that are required for welding-gun 
access, and thus provide lighter and 
stronger assemblies. What’s more, the 
same ovens used to dry paint could also 
serve as autoclaves to cure epoxies and 
urethanes. 

A vehicle glued together can be surpris¬ 
ingly strong. Recently, a 250-pound mo¬ 


torized golf cart collided with a pickup 
truck that was going 20 miles an hour. 
The truck sustained some $2000 in dam¬ 
ages. The two-passenger cart, a Gashop- 
per from Moto America (Miami) that 
had been, put togeth¬ 
er with adhesives, 
fared better. “We re¬ 
paired it in about 
five hours,” says 
Frank Boulton, the 
company president. 
"It had very minor 
damage because the 
adhesive elongated, 
spreading the load 
over a large area. It 
was clearly a case of 
a lighter vehicle be¬ 
ing stronger than a 
heavier one.” 

There are two ma¬ 
jor problems with 
the use of adhesives 
in automobile pro¬ 
duction, however. 
One is that the steel 
used in cars arrives 
from the mills coat¬ 
ed with lubricants 
as preparation for 
stamping. The only 
adhesives that work on such poorly 
prepared surfaces are polyvinyl chlo¬ 
ride-based plastisols, which are suitable 
only for light duty, as in the bonding of 
hood panels, and reactive acrylics, which 
are not as strong as epoxies and weaken 
further under prolonged exposure to gas¬ 
oline and other hydrocarbons. (Cleaning 
the lubricants off the stamped parts 
would add a production step that would 
increase overall cost.) 

The other difficulty with automotive 
adhesives is durability. The corrosion 
caused by rain and road salt can make a 
bonded area start to separate; once be¬ 
gun, peeling generally continues until the 
joint fails. “We don’t have the confi¬ 
dence” in adhesives that would permit 
recommending a major switch from weld¬ 
ing, says David Garrett, who heads GM’s 
Fisher Body Materials Development and 
Testing Laboratory. Similar caution pre¬ 
vails at Ford, where engineers contend 
that significant substitution of adhesives 
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for welding will not occur until the 1990s. 

Adhesives are likely to play a larger 
role in cars as automakers turn to alterna¬ 
tives to steel. Plastics, composites, and 
aluminum—increasingly favored for 
their light weight and corrosion resis¬ 
tance—require adhesives because they 
cannot be welded. Other design changes 
also call for adhesives. A recent innova¬ 
tion, for example, involves bonding front 
and rear windshield glass directly to the 
car body so that the glass becomes part of 
the load-bearing structure, thus improv¬ 
ing vehicle aerodynamics. Such flush¬ 
mounting of glass panels, featured in 
Chrysler’s minivans and Ford’s Taurus/ 
Sable models, is possible only with adhe¬ 
sives. 

The Swiss adhesive maker Ciba-Geigy 
recently set up a center in Madison 
Heights, Mich., to encourage the use of 
adhesives in auto manufacture. The cen¬ 
ter features a structural adhesive and 
sealant laboratory, along with a pilot 
plant for new product development. It 
also focuses on the use of automated 
equipment to apply adhesives. Robots, for 
example, can be guided by machine vision 
to dispense an extremely fine and precise 
bead, and thus could aid tremendously in 
integrating the bonding process with the 


rest of an automated factory. 

The aircraft industry has gone further 
with adhesives than car makers have. Be¬ 
cause aircraft aluminum does not lend it¬ 
self to welding, planes traditionally have 
been riveted together; the rivet holes are 
the starting points for corrosion and fa¬ 
tigue cracks. Moreover, in contrast to the 
oily steel used in automotive assembly, 
aircraft aluminum undergoes a meticu¬ 
lous surface treatment with phosphoric 
acid that gives an “excellent substrate for 
extremely durable bonds,” asserts Corey 
McMillan, manager of materials technolo¬ 
gy at Boeing Commercial Airplane (Seat¬ 
tle). During the 1970s, under an Air Force 
contract, Douglas Aircraft (Long Beach, 
Cal.) pursued a program called Primary 
Adhesively Bonded Structures Technolo¬ 
gy (PABST), in which aluminum sheets 
were glued directly to segments of the 
main structural beams; the beams were 
then bolted together to form the complete 
fuselage (HIGH TECHNOLOGY, Sept. 
1983, p. 67). 

But in production of large commercial 
aircraft, adhesives have so far found a 
more limited application. They are primar¬ 
ily used in bonding reinforcing layers of 
aluminum to the skin of the fuselage—a 
difficult task for riveting machines, which 


MANUFACTURERS STICK TO FIVE BASIC GLUES 


M ore than 100 companies produce over 25,000 differ¬ 
ent types of adhesive, but some 95% of the applica¬ 
tions in manufacturing are handled by five classes: 
epoxies, urethanes, acrylics, anaerobics, and cyan- 
oacrylics. Most new adhesives will probably be blends and al¬ 
loys of existing polymers rather than totally new materials, 
predicts Fred Keimel, president of Adhesives and Sealants 
Consultants. 

Epoxies stand to remain the workhorses. They are valued 
for their tensile and shear strengths, which can exceed 6000 
pounds per square inch; fiber-reinforced formulations reach 
10,000 psi. Their service temperatures range from -70° to 
450° F; they readily fill gaps, and resist moisture, fuels, and 
many chemicals. Although epoxies are ordinarily highly insu¬ 
lating, they can be made almost as conductive as solder by 
mixing in finely divided metals. 

Peel strength has always been a problem. Adesives peel 
along a separation line measured in inches. Standard epoxies 
fail under peeling forces as low as 4-6 pounds per inch. But 
the addition of liquid elastomers has raised the peel strength 
to as much as 35 pounds per inch when bonding aluminum, 
while retaining the tensile strength. Other new blends stand 
up to strong solvents such as butyl acetate, as well as to 
98% sulphuric acid. Temperature resistance has been en¬ 
hanced by the recent introduction of bismaleimide epoxies. 
These give service to 550° F and retain half their strength at 
that temperature for 1000 hours in continuous use. However, 
bismaleimide epoxies are at least twice as expensive as con¬ 
ventional versions. 


Urethane-based adhesives can often compete with epoxies. 
They are good gap fillers, and frequently serve as sealants. 
While able to carry only about half the load of epoxies, they 
are generally much more resistant to vibration and shock. 
Urethanes cure in as little as five minutes, but GM and other 
automakers are demanding even faster curing. Essex Chemi¬ 
cals, a leading supplier, is seeking to develop formulations 
that cure more quickly under ultraviolet light. 

Acrylics, another quick-setting class of adhesives, are poor 
gap fillers but resist impact and peeling. They are valued for 
their ability to bond oily metal surfaces. Bostik has a grade 
that can be premixed for ready use on a production line. And 
Lord, a leading auto-industry supplier, has an epoxy-acrylic 
blend that it hopes will be used to replace some welds. 

Anaerobics and cyanoacrylics are more specialized than 
the other classes of structural adhesives. They set very 
quickly at room temperature, but require close mating of 
parts and very clean surfaces. Anaerobics cure in thin films 
on metal surfaces, in the absence of air; they thus serve to 
hold nuts on bolts. A drawback is that at $250 per gallon, an¬ 
aerobics are far costlier than epoxies. Cyanoacrylics, familiar 
as Krazy Glue, react to trace amounts of moisture that allow 
them to polymerize and set in only a few seconds. They are 
quite potent; a single ounce can make some 2000 bonds. Pre¬ 
vious versions have been runny, but Loetite has introduced a 
proprietary thickener that makes these adhesives suitable 
for porous surfaces. 

And then there is the advice of one Bell Labs scientist: “If 
all else fails, use bloody great nails.” 
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work best on surfaces that are more or 
less planar. The reason for such restricted 
use of adhesives lies in the sheer unwieldi¬ 
ness of the process. Adhesives must be 
applied manually; moreover, curing 
would require autoclaves larger than any 
that exist today. Even Boeing is not pre¬ 
pared to autoclave the wing of a 150-pas- 
senger airliner, let alone of a 747. 

Adhesive bonding is thus finding its 


A pickup truck suffered 
$2000 in damage from 
colliding with a glued 
together golf cart; the 
cart was fixed in hours. 


niche in the manufacture of small com¬ 
muter aircraft, for which the needed auto¬ 
claves are relatively modest. Fokker 
(Schiphol, the Netherlands), with a long¬ 
standing commitment to this process, ap¬ 
plies structural adhesives extensively in 
producing wing and fuselage panels for 
its F-27 and F-28. Its autoclave cures 400 
square feet of bonded panels at a time- 
sufficient for a complete F-27 wing skin, 
but not nearly enough for even the flaps 
of a 747. Similarly, Fairchild Republic 
(Farmingdale, N.Y.) is using adhesive 
bonding in some of the wings being built 
for Saab’s SF-340 passenger airliner. 

While their use in metal aircraft has 
been limited, adhesives will become es¬ 
sential to hold together new planes made 
from composites—fiberglass, Kevlar, or 
carbon fibers within an epoxy matrix. The 
weight-saving advantages of these mate¬ 
rials have already brought such all-com¬ 
posite aircraft as the Starship business jet 
from Beech Aircraft, while Boeing is con¬ 
sidering composite wings for its proposed 
M7 twin-engine airliner. If Boeing goes 
vith composites, the company will install 
ving-size autoclaves for the airliner’s pro- 
luction, on a scale it has never found jus¬ 
tifiable for use with adhesive bonding. □ 


7 A. Heppenheimer, a freelance writer 
1 ased in Fountain Valley, Cal., has a PhD 
n aerospace engineering. 


Bill Linton; 
Founder and C.E.O.; 
Promega Biotec Corporation 


FUTURE 


IS HERE 


Contact: Richard M. Lawrence 
V.P./Public Affairs 

Madison Gas & Electric; P.O. Box 1231 
Madison, WI 53703; (608) 252-7260 


“Promega Biotec is a manufacturer 
and marketer of enzymes and advanced 
reagent systems for use in molecular 
biological research throughout the world. 

“Much of our success depends upon 
the individuals who work here. About 
half of them attended the University of 
Wisconsin (third in the nation for re¬ 
search and development expenditures in 
science and engineering). Our employees 
are genuinely interested in the work and 
this is a notable difference from what I 
have observed on the West and East 
Coasts. Come here for a very stable, 
very loyal work force. 

“There is an availability of capital 
within the state; our own $2.75 million 
financing was from multiple sources. 
You’ll find that proximity to large cities, 
particularly to major banking institutions 
in Milwaukee and Chicago, is also help¬ 
ful. The state is playing a role in facili¬ 
tating business — bringing people to¬ 
gether who have a common vision. The 
Department of Development helped us 
in extending our international business. 
We have the first biotechnology joint 
venture in China; it is one of the most 
successful foreign business ventures in 
that country?’ 

Get the facts you need about Madison, 
Wisconsin today. The future is here and 
you should be too. 


What’s It Like For A 
Business To Grow Here? 


Ask a CEO about Madison , WI ... 
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BETTER DRUG PACKAGING 
THWARTS SABOTEURS 



When intact, a multilayer plastic tape shimmers blue and green; opening the package it’s 
affixed to disturbs the optical alignment of thin films, rendering the tape transparent. Cost 
per package is about 2Individual capsules can be protected by a gelatin seal that rips 
conspicuously. 


r he aim of tamper¬ 
proofing is to discour¬ 
age saboteurs of 
packaged food and 
pharmaceuticals. Unfortu¬ 
nately, experts agree that vir¬ 
tually all current tamper-re¬ 
sistant and tamper-evident 
techniques can be circumvent¬ 
ed. Therefore, more advanced 
methods are being developed 
for sealing containers and for 
detecting violations of seals 
after they have occurred. 

Some of the most promising 
new developments include 
self-sealing capsules, bottle¬ 
making equipment that pro¬ 
duces integral seals, and films 
that change characteristics 
when handled. 

Research in better packag¬ 
ing reflects consumer and in¬ 
dustry concern over the rise 
in tampering: in 1986 the Food 
and Drug Administration in¬ 
vestigated 1526 reported 
cases, more than 10 times as 
many as in 1985. Although 
some tampering may be 
caused by disgruntled em¬ 
ployees during processing, 
most occurs at the retail level. 

Tamperers typically buy or 
steal items, sabotage them— 
often by inconspicuously 
opening and resealing the packaging or 
injecting a foreign substance—and then 
sneak them back onto store shelves. 

For businesses, the economic effects of 
tampering can be staggering. When sev¬ 
eral people died of poisoned Tylenol cap¬ 
sules in 1982, McNeil Laboratories (Fort 
Washington, Pa.) lost $150 million in re¬ 
call and disposal costs alone. Even uncon¬ 
firmed reports can hurt. A heavily publi¬ 
cized rumor of glass in baby food in 1986 
caused an 11% market share drop for 
Gerber, which the company is still trying 
to regain. 

“Industry is well aware of the liability 
aspect of this issue and is willing to spend 
the extra money to make packaging saf¬ 
er,” says William Lampkin, chief of the 


by G. Berton Latamore 


Manufacturing Surveillance Branch of 
the Food and Drug Administration. For 
the past eight months the FDA has been 
working on a major upgrade of its original 
tamper-resistant requirements issued in 
November 1982. The additions are likely 
to include requirements for sealed cap¬ 
sules, better glues, and the substitution of 
metal cans for some less secure plastic 
containers. 

Even before the new requirements are 
published, companies are unveiling even 
better means to deter saboteurs, especial¬ 
ly in areas of particular concern like phar¬ 
maceutical capsules. Because of their vul¬ 
nerability, some companies, including 
Johnson & Johnson, have eliminated cap- 
sulated medicines from their product lines 
altogether. Other producers, however, 
are beginning to use sealed capsules that 


cannot be opened without ripping. For ex¬ 
ample, Eli Lilly and Co. supplies Quali- 
seal equipment that produces gelatin cap¬ 
sules with thin bands of extra gelatin 
attached to the lips of the two halves. 
When the halves are joined, the bands 
overlap and meld to form a permanent 
seal. Similarly, Capsule Technology Inter¬ 
national has developed Etaseal capsules 
with crimps around the opening of each 
half. When joined, the two halves lock to¬ 
gether, forming an hourglass-shaped cap¬ 
sule that cannot be pulled apart, the com¬ 
pany claims. 

In yet another approach, Procaps Ma¬ 
chine is awaiting patents on a method that 
would produce single-piece, hard-shell 
gelatin capsules. And R. P. Scherer Hard- | 
capsule offers Soniseal 2000, a machine J 
that welds capsule joints using sonics to J 
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create rapid, heat-generating vibrations. 

/ I fo protect liquid from sabotage, 
# Automatic Liquid Packaging has 

1 introduced a machine that blow- 

JL molds, fills, and seals eyedropper 
bottles at a single station, isolating the 
product from possible tampering by 
workers. For protection at retail stores, 
the packaging equipment fabricates the 
dropper top and seals it to the filled con¬ 
tainer, leaving a rim of extra plastic flash¬ 
ing on the top. After applying a screw-on 
cap over the eyedropper top, the device 
then uses the flashing to form a clear 
plastic “bubble” extending around and 
over the threaded cap. Because this bub¬ 
ble seal is integral to the package, once 
removed it cannot be replaced. 

For products that cannot be protected 
with an integral seal, a new class of thin, 
optically variable sealing films is avail¬ 
able. They can be either adhesively bond¬ 
ed to packages or hot-stamped, a process 
using heat and pressure to firmly stamp 
the plastic film in place, perhaps to hold a 
cap on a bottle. The films are made of mul¬ 
tiple layers of thin plastic membranes, 
configured to create specific optical 
effects. 

During tampering, the precise align¬ 
ment of the layers is irrevocably de¬ 
stroyed, making the material transpar¬ 
ent. If punctured by a hypodermic needle, 
a transparent blotch appears instantly 
around the hole. To make tampering even 
more apparent to consumers, a signal like 
the word opened can be printed on the 
package under the film, visible only if the 
optical effect is destroyed. 

One such film, Polaproof developed by 
Polaroid, consists of two layers: the top 
laminate is impregnated with tiny cylin¬ 
drical lenses, and the bottom holds alter¬ 
nating colored lines. The entire material 
can be overprinted with a logo or other 
message and sealed with a protective lay¬ 
er of clear plastic. Depending on the posi¬ 
tion of the viewer and the incoming light, 
the lenses magnify and distort the lines so 
that the film’s color changes at different 
angles. An absence of color variations in¬ 
dicates tampering. Polaroid has not yet 
announced plans to commercialize the 
product. 

Another material, invented by Optical 

Coatings Laboratories, and developed by 
technology consulting firm PA Technolo¬ 
gy, consists of several plastic layers of 
precisely configured thicknesses that cre¬ 
ate an illusion of color by altering light re¬ 
flection, much like an oil slick on water. 
As some light wavelengths are absorbed 
and others reflected, the film appears to 
be two colors in shifting combinations. 
The thickness of the individual layers is 
controlled by vacuum deposition, in which 
vaporized material is forced to condense 
over the preceding layer. PA expects the 
seal to appear on the market in 12 to 18 
months. 

The big advantages of optically vari¬ 
able films are their low cost and compati¬ 
bility with current labeling equipment. 
Richard Arons, head of PA’s Advanced 
Materials Group, estimates that the Opti¬ 
cal Coating seal would add about 2? to the 
cost of a package. This might be unaccept- 

Addresses 

Automatic Liuuid Packaging 

125 Weiler Rd„ Arlington Heights, IL 

60007, (312) 437-4980 

Capsule Technology International_ 

2001 Huron Church Rd„ N9C 2L6, 

Windsor, Ontario, (519) 969-5404 

Eli Lilly 

307 E. McCarty St., Indianapolis, IN 

46285, (317) 261-2000 

Food and Drug Administration (FDA)_ 

5600 Fishers Ln„ Rockville, MD 20857, 
(301) 443-4177 

Optical Coatings Laboratories_ 

2789 Northpoint Pkwy., Santa Rosa, CA 
95407, (707) 545-6440 

PA Technology 

279 Princeton Rd., Heightstown, NJ 

08520, (201) 736-8825 

Polaroid 

549 Technology Sq., Cambridge, MA 

02139, (617) 577-2000 

Procaps Machine 

35 Ashland Ave., West Orange, NJ 

07052, (201) 736-8825 

R. P. Scherer 

P.O. Box 5600, Clearwater, FL 33518, 
(813)576-4000 

able for some products, however. Alumi¬ 
num screw-on caps on soft-drink bottles, 
for instance, cost only about hf each. But 
many over-the-counter drugs are relative¬ 
ly high-profit products, making the 2 <t ad¬ 
dition acceptable. 

The issue of cost is closely tied to the 
probability of tampering. A tamper-resis¬ 
tant dispenser cap—developed by John A. 
McConnell (Pahoa, Hawaii) and Everett 

W. Williamson (Newark, Cal.) to dispense 
pills one at a time through an elaborate 
double-door mechanism that requires the 
user to twist the cap one way, invert it, 
then twist it the other way—was present¬ 
ed to major U.S. pharmaceutical compa¬ 
nies without success because of its high 
cost. In Japan, however, where tampering 
of over-the-counter products is even more 
widespread, companies are looking at the 
device. 

In the U.S., says Arons, industry is gen¬ 
erally concentrating on more convention¬ 
al approaches such as heat-shrinkable 
wrapping, caps with breakaway skirts, 
and thin foil seals. “We have yet to see the 
next generation of advanced technologies 
that would exploit the chemical effects of 
exposure to air, optical effects using holo¬ 
grams or optically variable devices, or 
new, more clever mechanical embodi¬ 
ments,” he says. That doesn’t mean re¬ 
search has stopped, however. At PA, for 
instance, Arons is involved in the develop¬ 
ment of several proprietary technologies 
for a major pharmaceutical firm. The 
company has even investigated the use of 
electronic alarms in bottle tops. Unfortu¬ 
nately, much information on new devel¬ 
opments must remain secret so that it 
does not fall into the hands of potential 
saboteurs. 

According to Arons, the main trend in 
tamper-resistant and tamper-evident 
packaging is the use of multiple barriers, 
such as the sealed Contac capsules that 
are placed in a sealed plastic blister pack¬ 
age and sold in a sealed box. Despite such 
precautions, better measures are needed: 
“We have a lot of sophisticated equip¬ 
ment in our labs,” says Arons, “but we 
don’t need any of it to defeat present-day 
packaging.” □ 

G. Berton Latamore is a freelance writer 
based in Burlington, Vt. 


HIGH TECHNOLOGY/JUNE 1987 






























THE 

NEW OHIO 
ENTREPRENEURS 


They’re 
Designing 
A Better 
Berry 


When you’re talking strawberry preserves, you’re talking 
Smucker’s. 

But making great preserves can be a sticky business. 
Strawberries are contrary. They come in all shapes and 
sizes. With different traits. This can complicate processing 
of berries into consistent, high-quality preserves. 


So Smucker’s, whose entrepreneurial qualities have helped make it top shelf in 
its field, is teaming up with Ohio’s biotechnology resources to 
develop a unique variety of strawberry. A grant 
to the company from Ohio’s Thomas Edison 
Program is helping to support investigations by 
molecular biologists and plant breeding 
specialists at The Ohio State University’s Ohio 
Agricultural Research and Development Center. 

Like strawberries, companies come in all shapes 
and sizes. Many can benefit from the Edison 
Program. More than 370 companies, old and new, 
are presently involved with Edison projects to develop 
technology-based products or processes for Ohio’s 
economic benefit. 

If you’re in a jam and need help with a new product or 
process, call Christopher Coburn, Executive Director, Ohio’s 
Thomas Edison Program, at 614-466-3086 or use the coupon. 

Today, when you’re talking entrepreneurship, you’re talking Ohio. 
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Ohio’s Thomas Edison Program 
RO. Box 15209 
Playhouse Square Station 
Cleveland, Ohio 44115 

Please send me information on Ohio’s Thomas Edison Program. 
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FILLING IN WORD-PROCESSING GAPS 


r he main applications for micro¬ 
computers—word processing, 
spreadsheets, databases—are 
now well established, especially 
for the IBM PC and compatibles. The ma¬ 
jor software companies dominate the 
market for these applications, making 
competitive entry a difficult, expensive 
proposition. Rather than producing an¬ 
other word processor, a smaller company 
is better off developing a useful adjunct 
program that can work with an estab¬ 
lished product. 

These adjunct programs perform a va¬ 
riety of chores that the main word-pro¬ 
cessing programs themselves do poorly if 
at all—ranging from file comparison to 
format conversion. Because each word¬ 
processing program stores information in 
its own file format, the adjunct programs 
in most cases must understand that par¬ 
ticular format. This forces the designers 
of adjunct programs to pick which word 
processors to support. The designers nat¬ 
urally choose the market leaders, thus re¬ 
inforcing the leaders’ hold on the market. 

One common problem with word-pro¬ 
cessed documents is keeping track of mul¬ 
tiple changes, especially when several 
people have made revisions. Many pro¬ 
grams have been written to compare files; 
MS-DOS even includes a simple compare 
utility (the COMP command) that reports 
whether or not two files are identical. 
Most such comparison programs were de¬ 
signed for programmers, and thus work 
with source code (the lines of instructions 
in a program). A programmer’s compari¬ 
son program treats individual lines as log¬ 
ical units, a valid approach for source 
code. But it does not deal with natural-lan¬ 
guage text, where sentences and phrases 
have variable lengths and break across 
lines. 

CompareRite from JURISoft, by con¬ 
trast, is an auxiliary program that com¬ 
pares full English text and marks pas¬ 
sages that have been added or deleted. It 
has obvious value in comparing legal and 
other documents where fine details must 
be scrutinized, but it helps out in many 
other situations as well. For example, if 
you work on computers in your office and 
home, you probably carry a floppy disk 


by Cary Lu 


containing your current work between 
the two machines. Occasionally you may 
find yourself working on the “wrong” 
file, resulting in two files with different 
revisions. CompareRite will quickly find 
and report the differences. 

CompareRite can handle the native file 
formats of nine popular word processors 
as well as plain ASCII (unformatted) text; 
but note that for a comparison the two 
files must be of the same type. 

Adjunct programs 
perform chores that 
the main word- 
processing programs 
do poorly if at all. 

One aspect of document creation where 
paper has had an advantage over word 
processing is in marginal notes—com¬ 
ments that are not actually part of the 
text. But handwritten notes on paper do 
not copy well, and revising them usually 
creates a mess. Marginal notes by several 
reviewers written on separate copies pro¬ 
duce at best a complicated revision job. 

Broderbund Software’s ForComment 
turns marginal notation into a stream¬ 
lined electronic process. The original au¬ 
thor prepares a document with a standard 
word processor, and then uses ForCom¬ 
ment to set up a comment process for re¬ 
viewers. Each reviewer adds comments to 
the document using a separate ForCom¬ 
ment program, selecting specific lines and 
attaching notes. The display presents the 
original in the upper half of the screen, 
and a dot in the left margin indicates 
where a note has been attached. All notes 
appear in a separate window at the bot¬ 
tom of the screen. Reviewers can also pro¬ 
pose revisions with a handy feature that 
switches between the original and the re¬ 
vision for quick comparison. Each note 
and revision is dated and “initialed” by 
the reviewer. After the reviewers have 
completed their notes, ForComment com¬ 
piles them for the author and presents 
them in a window below the original docu¬ 
ment. 
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ForComment, which works directly 
with MultiMate, WordPerfect, WordStar, 
and plain ASCII files, is a complex stand¬ 
alone program; you cannot pop it up while 
running your word processor. This means 
that you must use ForComment’s editor 
program to create and review comments 
rather than your own word processor. Al¬ 
though you won’t be able to use familiar 
editing methods, you can configure the 
ForComment editor commands to mimic 
your word processor. In any event, notes 
are usually short, so editing should be 
minimal. 

What can you do if one division of your 
company has standardized on word pro¬ 
cessor A but another division has chosen 
word processor B? You could create a 
plain ASCII file with program A and then 
read it with program B, but all the for¬ 
matting information in the A file would be 
lost. You would have to recreate the for¬ 
matting—the margins, page length, type 
style, and any other features of the origi¬ 
nal document. A format conversion pro¬ 
gram takes a file from one word-process¬ 
ing program and converts it into a file for 
another. The conversion should preserve 
as much formatting information as possi¬ 
ble, but features in program A that are 
missing in program B cannot be convert¬ 
ed, a restiction that will occasionally 
cause problems. 

The emphasis until recently was on me¬ 
dia conversion—converting disks created 
on one type of computer or dedicated 
word processor to another. Special hard¬ 
ware, disk controllers, and floppy disk 
drives have been developed to read and 
write a variety of formats. However, as 
more companies have switched to word 
processing in the IBM PC format, the de¬ 
mand for such hardware conversion prod¬ 
ucts has waned. The need now is for pure¬ 
ly software file conversion programs that 
can work with the MS-DOS files created by 
different IBM PC word processors. 

To move from one format to another ef¬ 
ficiently requires an intermediate format; 
each specific program then need only con¬ 
vert to and from the intermediate format 
rather than deal with every possible for¬ 
mat. DCA/RFT (Document Content Archi- 
tecture/Revisable-Form Text) is an inter¬ 
mediate file format defined by IBM for its 
word-processing programs. DCA includes 
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Microcomputers 


such functions as margins, page length, 
underscore, and so on. Word-processing 
programs create DCA files separately 
from their own native file format. When a 
user loads a DCA file, it is converted into 
the word processor’s native file format so 
that it looks as if it was generated by that 
program. 

This DCA capability is important 
enough that most business users should 
insist that their word processor include it. 
All major MS-DOS word processors now 
have DCA, although they do not always 
deal with every possible DCA function 
(few use DCA’s outlining feature, for ex¬ 
ample). DCA itself hardly encompasses 
every desirable function; because it was 
designed for monospaced text with fixed- 
character widths, it does not handle fonts 
or graphics. On the IBM PC, this does not 
matter much, since none of the current 
major word processors deals effectively 
with fonts or graphics either. Despite 
these caveats, the DCA translation fea¬ 
ture built into the major word processors 
are sufficient for most casual conversion 
tasks where occasional lapses can be cor¬ 
rected in the receiving word processor. 
Some page makeup programs, such as the 
MS-DOS PageMaker, can import DCA files. 


On Apple’s Macintosh, only Microsoft 
Word directly supports DCA so far. 

If you frequently need to convert com¬ 
plex documents between two or more 
word processor formats, or if you receive 
a lot of unformatted electronic mail, you 
should consider more flexible and robust 
conversion software than the simple DCA 
translators. Three stand-alone programs 
can transfer formatted files bidirectional¬ 
ly between any of a half-dozen or more 
word processors. All three have an ASCII 
file conversion feature that can take a 
plain ASCII file with carriage returns af¬ 
ter every line (such as those sent through 
MCI Mail) and turn it into a word-process¬ 
ing document with defined paragraphs, 
multiple spaces converted into tabs, and 
centered text. All can deal with files from 
WordStar, MultiMate, and DisplayWrite 
3 (via DCA), Microsoft Word (MS-DOS ver¬ 
sion), and WordPerfect; all convert direct¬ 
ly without such intermediate steps as the 
need to create a DCA file (while these pro¬ 
grams do go through an intermediate file 
of their own, the process does not involve 
the user). Each program can be run in a 
batch mode to convert multiple files or 
whole disks. And each renders unconvert¬ 
ible formatting codes as special charac¬ 


ters in the receiving document so that 
they can be found quickly. 

Mastersoft’s Word for Word, the low¬ 
est-cost package ($149), adds support for 
OfficeWriter, Volkswriter, PFS:Write, 
and IBM Writing Assistant. It can also 
create a special file with formatting coded 
into plain ASCII that can be sent via any 
electronic mail service; a recipient with 
Word for Word can reconstitute the origi¬ 
nal file complete with formatting. 

Software Bridge ($249) from Systems 
Compatibility Corp. adds support for the 
Wang PC word processor (but not Wang’s 
dedicated word-processing or minicom¬ 
puter products), Volkswriter, and Samna. 
Its ASCII conversion feature is user-defin¬ 
able, a valuable feature. For example, the 
program monitors line lengths to set page 
margins; you can alter its sensitivity to 
line-length changes to prevent a spurious 
margin change. 

Principal Systems’ PC Switch ($495) 
adds only Samna support and is a little ex¬ 
pensive for its features. 

At the high end, Keyword sells Soft- 
pak, a collection of programs that can con¬ 
vert among many different word proces¬ 
sors. Each program costs $449 and 
converts bidirectionally between just two 
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Hypertext lets readers see references instantly while reading a document. Here, with Owl International’s Guide program, the 
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formats. Although the conversion quality 
is high, only users with a large volume of 
files will find the price justified. 

Ultimately, if the functions of an ad¬ 
junct program prove popular, the main¬ 
stream word-processing programs will in¬ 
corporate them. This is how spelling 
programs became included in every major 
word processor; thesauruses are also be¬ 
coming popular as built-in features. 

Similarly, Microsoft Word and Word¬ 
Perfect have added outlining. Several pro¬ 
grams provide for nonprinting notes with¬ 
in a document, although none offers the 
power and flexibility of ForComment. Lo¬ 
tus Manuscript includes a simple file com¬ 
parison feature, and Samna has a revision 
marking function; other programs will 
begin adding comparison and revision 
features. 

The next generation of word proces¬ 
sors on the IBM PC will have to include 
strong graphics and font capabilities, to 
enhance desktop publishing and similar 
applications. Therefore, an enhanced DCA 
or a new intermediate file format will be 
necessary. Microsoft has begun using its 


own intermediate format with graphics 
and fonts, called RTF (Rich Text Format). 
Already available on the Macintosh ver¬ 
sion of Microsoft Word, RTF will begin ap¬ 
pearing in Microsoft Windows applica¬ 
tions later this year. RTF will come into its 
own if other software publishers planning 
graphics-rich programs adopt it. 

Hypertext could become a key feature 
for the word processors of the 1990s. 
Based on a idea by Ted Nelson, hypertext 
links documents together according to 
references or common passages. While 
reading a document, you can display all 
passages that refer to an earlier docu¬ 
ment or are quoted in a later document. 
By pointing to the passage, you can in¬ 
stantly retrieve the complete referenced 
document. 

For mundane business appliaations, 
Hypertext provides a comprehensive 
structure for revisions and comments, as 
well as a means of following concepts 
across multiple documents. A full-scale 
hypertext system requires considerable 
computing resources and disk capacity, 
plus a sophisticated authoring system. 
Nevertheless, the first commercial prod¬ 
uct with essential hypertext features, 
Owl International’s Guide, is already 
available on the Macintosh and will be out 
on Microsoft Windows. 

A second component of word process¬ 
ing for the 1990s will be adaptive soft¬ 
ware, which tracks your work habits and 
modifies itself accordingly. For instance, 
after you have created several memos in a 
specific layout, this software will auto¬ 
matically propose the same memo layout 
the next time you type MEMO at the top of 
a page. Through hypertext, you can re¬ 
trieve standard paragraphs—say, for a 
legal document—merely by typing the 
first few words. If you change your 
memo format several times, the program 
will change the layout it proposes accord¬ 
ingly. The program will hardly do every¬ 
thing, but it will be able to mimic the more 
mechanical functions of a secretary. 

In the 1990s, we will come to think of 
the word processors that we used in the 
1980s as quaint products akin to manual 
typewriters. Remember them? □ 


Cary Lu is microcomputer editor 
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ELECTRONICS IN 
CHINA: THE GREAT 
LEAP FORWARD 

C hina’s present government, deter¬ 
mined to upgrade the country’s 
outmoded infrastructure, mod¬ 
ernize industry, and raise the na¬ 
tion’s standard of living, recognizes that 
advanced technologies—and in many 
cases management tech¬ 
niques borrowed from oth¬ 
er countries—are essential 
ingredients. And because 
electronics is basic to most 
modern industries, this 
area of technology is re¬ 
ceiving high priority, says 
John Callebaut, director of 
development and govern¬ 
ment relations for the Na¬ 
tional Council for U.S.-Chi- 
na Trade, an industry- 
sponsored group in 
Washington, D.C. 

By world standards, Chi¬ 
na’s electronics industry 
still has a long way to go. 

In semiconductor produc¬ 
tion, for example, “there is 
a big gap in many areas,” admits He 
Mingzhang, deputy director of R&D for 
National Electronic Devices, the arm of 
the Ministry of Electronics Industries 
(MEI) that coordinates electronics devel¬ 
opment and manufacturing. The chief 
obstacles to progress, he says, are the 
country’s lagging capabilities in comput¬ 
er-aided design, engineering, and manu¬ 
facturing, coupled with a lack of adequate 
equipment in certain key semiconductor 
production areas. 

For example, while China has imported 
several complete semiconductor produc¬ 
tion lines, it does not have specialized 
chemical purification systems that would 
help reduce contamination in critical man¬ 
ufacturing steps. Also, the country is un¬ 
able to make the sensitive monitoring 
equipment needed to maintain precise 
process control, says He. And because of 
the equipment’s potential military use, 
China (along with other communist coun¬ 
tries) is barred from importing it from the 
United States, Japan, and Europe by the 
Coordinating Committee for Multilateral 
Export Control (COCOM), a Paris-based 


organization of NATO countries. 

Nevertheless, China currently pro¬ 
duces an array of analog and digital 
integrated circuits for communications 
equipment, instrumentation, consumer 
products, and computers, including 64k 
RAM chips and 4- and 8-bit microproces¬ 
sors, according to He. The country has 
also produced prototype gallium arsenide 
(GaAs) gate array chips, though still at a 
low to medium level of integration (fewer 
than 1000 devices per chip). All equipment 
used to fabricate the two-inch GaAs wa¬ 


fers from which the chips are made is do¬ 
mestically designed, adds He, since GaAs 
production equipment is another item on 
COCOM’s off-limits list. 

Current semiconductor research pro¬ 
grams focus on microwave components 
for telecommunications applications and 
on high-level integrated circuits, accord¬ 
ing to He. The most ambitious project is a 
proposed $40 million plant to manufac¬ 
ture chips for automated telephone ex¬ 
changes. To be located in Wuxi (a city 
near Shanghai that is becoming known as 
China’s Silicon Valley), the plant will be a 
joint venture with foreign companies; po¬ 
tential partners include AT&T, West Ger¬ 
many’s Siemens, and France’s Thomson. 

In addition to MEI’s own activities, a se¬ 
ries of sweeping economic reforms an¬ 
nounced by the government last fall will 
have a profound effect on the electronics 
industry, says Zhang Zhidong, vice-presi¬ 
dent of the ministry’s import-export arm. 
These reforms will loosen the ministry’s 
grip of China’s central planning agencies, 
which until now have kept tight control 
over every aspect of production. “The 


principles of the free market did not ap¬ 
ply,” says Zhang. “As a result, productivi¬ 
ty was low and there was no efficiency.” 
And ironically, centralized authority made 
cooperation among factories virtually im¬ 
possible. “One factory under MEI couldn’t 
talk to another factory because each re¬ 
ported to a higher authority through dif¬ 
ferent channels,” explains Zhang. As the 
reforms are enacted, planning functions 
will shift to municipal governments and 
individual factories, thus “giving factories 
and other enterprises more decisionmak¬ 
ing power, including the 
power to initiate things,” 
says Zhang. 

It will even be possible 
for them to forge their own 
alliances. One example is 
the Panda Group in Nan¬ 
jing province, which con¬ 
sists of several factories 
making color TVs and tape 
recorders. “One factory 
used to report to the Bu¬ 
reau of Administration and 
Broadcasting, another to 
the Administration of Com¬ 
ponents. In the past, it was 
unimaginable that the two 
factories could get togeth¬ 
er and talk about common 
problems,” says Zhang. 
But now, “they are able to start cooperat¬ 
ing.” Another new alliance combines 
Great Wall Microcomputer, Longxin Elec¬ 
tronics, Kunlun Electronic Printing, 
North Computer Auxiliary Design, and 
China Computer Leasing into the China 
Computer Development Corp., which will 
coordinate imports of computers and 
technology as well as oversee domestic 
manufacturing. 

Interestingly enough, the'author of 
these economic reforms is none other 
than Zhao Ziyang, the new secretary of 
the Chinese Communist Party’s Central 
Committee, who recently replaced ousted 
secretary Hu. Zhao’s commitment to such 
reforms bodes well for China’s continued 
economic alliances with other countries 
and its increased openness to foreign 
ideas—despite tensions caused by this 
past winter’s student protests. “We will 
continue the policy of opening to the out¬ 
side world,” said Zhao in a statement re¬ 
ported in late January by Xinhua, China’s 
official news agency. “We will expand in¬ 
stead of reduce our cooperation with for¬ 
eign countries.” □ —Sarah Blazer 
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RESOURCES 


Information sources for topics 

covered in our feature articles 
BELL LABS SPINOFFS, p. 16 

Three Degrees Above Zero—Bell Labs in the 
Information Age. Jeremy Bernstein. 
Charles Scribner’s Sons, New York, NY, 
1984. 

“Whither goest Bell Labs.” David Coursey. 
MISWeek, Jan. 5,1987. 

“Surprise! GaAs startups thrive in New Jer¬ 
sey.” Tobias Naegele. Electronics, Jan. 13, 
1986. 

COMING SOON TO THEATERS, p.23 

Contact 

Society of Motion Picture and Television Engi¬ 
neers (SMPTE), 862 Scarsdale Ave., Scars- 
dale, NY 10583, (914) 472-6606. 

References 

“ ‘Big screen’ takes on new meaning.” Vincent 
Canby. New York Times, April 19,1986. 


“Marketing a problem; Imax films: Start of 
something big?” Marison MulL Los Angeles 
Times, June 5,1986. 

“Extra sensory perception; Audio video tech¬ 
nology.” Nigel Andrews. Financial Times 
Limited, April 12,1986. 

“Eyeboggling Imax: wide possibliites in the 
big-screen future.” David Sterritt. Chris¬ 
tian Science Monitor, Feb. 28,1986. 

HARVESTING THE CELL, p. 30 

“Cell cultures as factories.” Andrew Pollack. 
New York Times, July 18,1985. How bacte¬ 
ria are being replaced by more complex 
mammalian cells to generate recombinant 
DNA products. 

“Immobilized mammalian cells.” Jennifer Van 
Brunt. Bio/Technology, June 1986. A new 
industry is arising to care for fragile mam¬ 
malian cells. 

“Bio-Response set to exploit biotechnology’s 
move to market.” David Webber. Chemical 
& Engineering News, July 22,1985. Market¬ 
ing and technical strategies of one of the 


industry’s top players. 

“Natural plant chemicals.” Manuel F. Balan- 
drin et al. Science, June 7, 1985. How spe¬ 
cialty chemicals might be made from plant 
cell-cultures. 

Tissue Culture Technology and Develop¬ 
ment. United Nations Centre on Science and 
Technology for Development: New York, 
March 1984. Slightly dated but helpful col¬ 
lection of articles on cell culture principles. 

REVOLUTION IN TOYLAND, p. 38 

Contact 

Toy Manufacturers of Amercia, 200 Fifth 
Ave., Rm. 740, New York, NY 10010, (212) 
675-1141. Attn.: Donna Datre. 

References 

Toy Industry Fact Book. Toy Manufacturers 
of America, 1986. 

“Top gun in the toy business.” Anthony Ra¬ 
mirez. Fortune, March 2, 1987. Profile of 
Donald Kingsborough, founder of Worlds 
of Wonder. 


DON'T 


OUT. 


EXCUSES DON’T SAVE LIVES. 
BLOOD DOES. 

+ 

American Red Cross 
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VIDEO 


‘GRAND CANYON', 2-HOUR SPEC- 
tacular helicopter exploration video. 
Breathtaking music. Critically ac¬ 
claimed. Details FREE. Beerger Pro¬ 
ductions, 3217-V25, Arville, Las Ve¬ 
gas, Nevada 89102. (702) 876- 
2328. 

CABLE TV CONVERTERS. SCIEN- 
tific Atlanta, Jerrold, Oak, Zenith, 
Hamlin. Many others. 'New' VIDEO 
HOPPER 'The Copy Killer'. Visa, M/ 
C and AMEX accepted. Toll free 1- 
800-826-7623. B&B, Inc. 10517 Up¬ 
ton Circle, Bloomington, MN 55431. 


BUSINESS 

Services 


INCORPORATE WITHOUT LEGAL 
fees! Free booklet tells How, In¬ 
cludes Forms. Call Harvard Business 
Services Now: (800) 345-CORP. 


EDUCATION 


FREE COLLEGE TAPE EXTERNAL 
degree programs: Business Admin¬ 
istration, Public Administration, LAW 
(Qualify Bar Admission). Fully Ac¬ 
credited, Financial Aid, (800) 847- 
0005, (314) 426-0653. LaSalle Uni¬ 
versity, 3628 Saint Gregory, 
B52,Saint Louis, Missouri 63074. 

A UNIVERSITY DEGREE CAN UN- 
lock your earning power. Complete 
your B.A., M.B.A., Ph.D., or J.D. 
Credit for Occup./Prof. experience. 
No classroom attendance required. 
Registered with California Committee 
of Bar Examiners. KENSINGTON 
UNIVERSITY, 330 N. Glendale Ave¬ 
nue, Glendale, CA 91206. In Califor¬ 
nia 800-421-9115, X38. Other 
States, 800-423-2495, X38. 

BACHELORS, MASTER’S, DOC- 
torates. Guide to colleges offering 
non-residential degree programs 
through independent home study. 
Accredited, economical, accelerated 
programs. Credit given for prior ac¬ 
complishments and work experi¬ 
ences, Free detailed brochure. Write: 
Dr. John Bear, P.O. Box 11447-HT, 
Marina Del Rey, CA 90295. 


EDUCATION 


LEARN TO BE A TELEVISION STU- 
dio technician: after only fourteen 
months earn your degree and a great 
career in Video. Financial Aid and 
National Placement Assistance. VID¬ 
EO TECHNICAL INSTITUTE: Dallas 
(214) 263-2613 or Long Beach (213) 
595-1660. 

UNIVERSITY DEGREES WITHOUT 
Classes! Accredited Bachelor's, 
Master’s, Doctorates. Free Reveal¬ 
ing Information. Careers-HT06, Box 
470886, Tulsa, OK 74147. 


MANUFACTURING 


CAN GUIDE YOUR ESTABLISHED 
company to offshore cost-saving 
production. Tooling and develop¬ 
ment amortization possible. Hands- 
on factory Q.C. control, with guaran¬ 
teed product quality. Contact L. 
Stevenson/U.S.A. (213) 821-4715 
or write: P.O. Box 2453, El Segundo, 
CA 90245. 


PUBLICATIONS 


NEW YORK (THE SUBURBAN) CITY 
by Leo Levko. A b&w photo essay of 
the suburban style/rural living sec¬ 
tions, including recreational facilities, 
of today's New York City. 116 pages 
with 192 recently-taken pictures and 
11 comprehensive maps to guide the 
reader through the five city bor¬ 
oughs. A durable paperback with a 
3-color cover and a stitched and 
glued binding. $8.95. Order 
# ISBNO-9614381 -0-X. Ask for it in 
your favorite bookstore. 


How to Publicize 
A Growing Company 

Sherwood Ross. 

50 page do-it-yourself action manual with 
sample releases for national and local TV. 
radio & press visibility. Send $14.95 to 
Sherwood Ross. 2-13 Pheasant Hollow Dr. 
Plainsboro. NJ 08536.609-275-0963 


PATENTS & 
INVENTIONS 


Inventors! Call the Innovation Center 
in Washington, D.C. for free info— 
1-800-257-7880. In Canada 1-800- 
443-2806. 


PATENTS & 
INVENTIONS 


INVENTORS! CAN YOU PATENT 
and profit from your idea? Call Amer¬ 
ican Inventors Corporation for free in¬ 
formation. Over a decade of service. 
1-800-338-5656. In Massachusetts 
or Canada call (413) 568-3753. 

INVENTIONS,IDEAS,TECHNOLOGY 
wanted! Call free 1-800-528-6050. 
Canada, 1-800-528-6060. X831. 

INVENTORS! CALL AIM-WE PRE- 
sent ideas to manufacturers. For free 
information kit, 1-800-225-5800. 

REGISTERED PATENT ATTORNEY 
will evaluate your invention and pre¬ 
pare and prosecute patent applica¬ 
tion if patentable invention is be¬ 
lieved to exist. Edwin D. Schindler, 
Esq., 1523 East 4 Street, Brooklyn, 
NY 11230 or call (718) 336-9346. 

PATENT AND DEVELOP YOUR IN- 
vention. Registered Patent Agent and 
Licensed Professional Engineer. 
Send for FREE PATENT INFORMA¬ 
TION. Every Inventor Should Have. 
Richard L. Miller, 12 Parkside Drive, 
Suite-T, Dix Hills, New York 11746. 
(516)499-4343. 

NEED A PATENT ATTORNEY? CALL 
or Write: John H. Crazier, Esq., 1934 
Huntington Turnpike, Trumbull, CT 
06611, (203) 375-9118. Free initial 
evaluation, followed by application 
and prosecution. 


Antiques 


ANTIQUE SCIENTIFIC & NAUTICAL 
instruments, microscopes, globes, 
telescopes, rare science books for 
sale. Illustrated catalog subscription 
(2 issues) $12 (USA), $16 (over¬ 
seas). Historical Technology, Inc. 6S 
Mugford Street, Marblehead, MA 
01945. 


BUSINESS 

Opportunities 


PERSONAL COMPUTER OWNERS 
can earn $1000 to $5000 monthly of¬ 
fering simple services. Free list of 
100 sen/ices. Write: A.I.M.G.C., P.O. 
Box 60369, San Diego, CA 92106- 



START YOUR OWN BUSINESS. 
Catalog, $5.00 (Refundable) PSM, 
Box 327, Nyack, NY 10960. 


TRAINING & 
DEVELOPMENT 


DYNAMIC PROJECT MANAGE- 
ment! Dynamic, exciting simulation 
workshops especially tailored for 
high-technology engineering project 
teams. Planning, controlling, cost es¬ 
timating, scheduling, team building 
and more. Custom curriculum avail¬ 
able: MANAGEMENT RESOURCES, 
420 East 72nd Street, Suite 6C, New 
York, New York 10021, (212) 861- 
3428. 


Meetings & 
Speakers 


Speakers Bureau 

High Technology Magazine's 
writers and editors are prepared 
to discuss a variety of technology 
and business issues at your next 
meeting. Contact: 

Ms. Ellen Kolton 
High Technology 
Speakers Bureau 
38 Commercial Wharf 
Boston, MA 02110 
or call (617) 227-4700 


VENTURE 

Capital 


Chicago Venture Capital Club 



INVESTMENT 

OPPORTUNITIES 


NEW ROTARY ENGINE INVENTION 
U.S, Issued Patent: #4653446; 
03/31 /87 is available for investment. 
Write inventor: Joseph F. Frasca, 
5801 Yorktown Road, Lorain, Ohio 
44053. 


FOR MORE INFORMATION ON HIGH TECHNOLOGY CLASSIFIED 

Write to HIGH TECHNOLOGY MAGAZINE, 38 Commercial Wharf, Boston, MA 02110-3883. Or call Linda Conti at (617) 227-4700 
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Investments 


INVESTING THE HIGH TECH WAY 


omputer-based products that en¬ 
hance the investment capabilities 
of professional brokers have been 
available for some time. But now, 
an assortment of services and products 
have come on the market so that inves¬ 
tors can themselves take advantage of 
similar advanced computer and communi¬ 
cations technology. For example, an indi¬ 
vidual can receive real-time quotes, exe¬ 
cute trades through on-line brokerage 
services, monitor individual stock prices, 
and carry out analyses of stock patterns 
and company performance data. 

Financial quotes can be sent to inves¬ 
tors’ personal computers by several 
means. Commodity Quotations transmits 
quotes by satellite at an average cost of 
$275 per month; this is a boon for inves¬ 
tors in rural areas, who need to react 
quickly to significant news about a stock 
in order to engage in active trading. For 
investors in major metropolitan areas, FM 
broadcast services such as Radio Ex¬ 
change from Telemet America and Signal 
from Lotus Development provide real¬ 
time quotes at costs averaging $100-$140 
monthly. Both services announce on 
screen when news stories have been dis¬ 
seminated about investor-specified secu¬ 
rities; Signal directs investors to retrieve 
applicable news from on-line database 
services, while Radio Exchange provides 
news briefs on screen. Another informa¬ 
tion medium, the vertical blanking inter¬ 
val transmitted with television signals, is 
used by DBC/Market Watch from Data 
Broadcasting Corp. to provide stock and 
option information to PCs. In most cases, 
these quote services also electronically 
monitor investors’ holdings. When prices 
rise or fall to preset buy and sell limits, 
the service may flash a warning on screen 
and beep an alert. 

Once alerted to price changes, inves¬ 
tors can quickly execute trades through 
on-line discount brokerage services, with¬ 
out having to contact an individual bro¬ 
ker. Orders sent from the investor’s PC 
are processed by the brokerage firm’s 
computer, then sent directly to exchange 
trading floors for execution. This ability 
to trade quickly is becoming more and 
more important as securities markets ex¬ 
perience increasingly wild price swings. 


by Robert Cullen 


Discount firms with on-line services in¬ 
clude Fidelity Brokerage Service, Charles 
Schwab, and Spear Securities. These 
firms also maintain investment portfolios 
for on-line traders, automatically routing 
confirmations of buy and sell orders to in¬ 
vestors’ accounts. 

Even investors with full-time jobs can 
keep an active watch on the market with 
multitasking software that allows work¬ 
place PCs to double as investment moni- 


ADDRESSES 


Commodity Quotations_ 

670 White Plains Rd., Scarsdale, NY 
10583, (914) 725-3477 

Computer Asset Management 

P.O. Box 26743, Salt Lake City, UT 
84126,(801) 974-5115 

Data Broadcasting Corp. _ 

8300 Old Courthouse Rd., Suite 200, 
Vienna, VA 22180, (703) 790-3570 
Dow Jones _ __ _ 

Box 300, Princeton, NJ 08543; (609) 

520-4000 

Fidelity_ _ .... 

82 Devonshire St„ Boston, MA 02109, 
(800) 544-6666 or (617) 523-1919 
Lotus ___ 

55 Cambridge Pkwy., Cambridge, 

MA 02142, (800) 762-7538 or (617) 
577-8500 

NewsNet_ _ 

945 Haverford Rd., Bryn Mawr, PA 
09010, (215) 527-8055 

Quarterdeck_ _ 

150 Pico Blvd., Santa Monica, CA 
90405, (213) 392-9851 

Charles Schwab_ _ 

101 Montgomery St., San Francisco, CA 
94104, (415) 627-7000 

SoftLogic __ 

530 Chestnut St., Manchester, NH 
03101, (603) 627-9900 

Spear Securities __ 

510 W. Sixth St., Suite 525, Los Ange¬ 
les, CA 90014, (213) 626-4221 

Telemet America 

325 First St., Alexandria, VA 22314, 

(703) 548-2042 

Value Line__ 

711 Third Ave., New York, NY 10017, 
(212) 687-3965 


tors. With such software—including 
Desqview from Quarterdeck Office Sys¬ 
tems and DoubleDOS from SoftLogic So¬ 
lutions—a computer can monitor real¬ 
time quotes while simultaneously 
performing work-related tasks. When 
prices rise or fall to preset limits, the 
quote software alerts the investor, who 
can examine the information on screen 
for possible action. 

Individuals inclined to invest for long¬ 
term appreciation can utilize services that 
provide company performance data (fun¬ 
damental analysis); short-term traders can 
find information on historical trading pat¬ 
terns of specific securities and market in¬ 
dexes (technical analysis). Both fundamen¬ 
tal and technical information are available 
on Telescan, an on-line database, and Dow 
Jones News/Retrieval. Company data can 
be found in the stories accessed by News- 
Net, a news search service. 

These three firms provide only raw 
data, leaving it to the investor to know 
what to look for—such as information on 
price/earnings ratios and annual percent 
increases in earnings per share—and how 
to evaluate it. The investor who doesn’t 
have the time or inclination to carry out a 
fundamental analysis can consult Value 
Screen/Plus, an electronic version of the 
popular investment advisory service pub¬ 
lished by Value Line. Value Screen/Plus 
provides data, including stock ratings, on 
companies traded on the New York Stock 
Exchange. 

Technically minded investors can use 
two programs published by Computer As¬ 
set Management: MetaStock (historical 
price and volume trading data on individ¬ 
ual stocks), and The Technician (historical 
trading information on major market in¬ 
dexes and macroeconomic indicators, 
such as the money supply). Both pro¬ 
grams access databases maintained by 
the vendor, graph the data, and manipu¬ 
late it according to the investor’s criteria. 
For example, MetaStock can show how 
the price of a stock has reacted on a 30- 
day moving average, one indicator of 
trading patterns that could be used to pro¬ 
ject future performance. □ 


Robert Cullen is a financial journalist 
based, in Pasadena, Cal, specializing in 
computer applications for private investors 
and financial professionals. 
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In 1959, Kraft Foods became the first U.S. company to choose East 
Kilbride as an overseas location. 

Since then, the town has continued to attract more and more 
companies from the States. 

East Kilbride sits in the very heart of Scotland's Silicon Glen. 

Within a 50 mile radius there are over 200 electronics companies 
forming not only a close-knit nucleus of suppliers, but a considerable 
market too. 

As well as being the ideal gateway to the expanding markets in the 
U.K, East Kilbride is also well positioned for companies wishing to exploit 
the vast European markets. 

Using East Kilbride as a tariff-free springboard, your company 
has another 600 million potential European customers. 

Our labour record is excellent, with 95% of facilities enjoying a 
strike-free period of five years. 

Because 80% of companies are union free, East Kilbride’s position 
as a right to work town is further consolidated. 

The town has a proven track record in successfully catering for 
industrial investment and our range of financial incentives is among the 
best offered by any area in the U.K. 

If your company is considering an offshore project, contact 
Rick Packer on (617) 431 7474 at PRTM, 36 Washington Street, Wellesley 
Hills, Massachusetts 02181. 

And join the other U.S. companies currently flying the flag in 
East Kilbride. 
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SMARTMODEM 2400 



CHOOSE THE NAME 
THATCOMMUNICATES 
QCALm 


We’d like to pass along some 
data on why you should insist 
on a Hayes Smartmodem ,1200™ 
or Smartmodem 2400.™ 

First and foremost no one 
knows more about building 
reliable, high performance modems 
than Hayes. And no wonder. Hayes 
pioneered the personal computer 
modem a decade ago, and today is 
actually the de facto standard in 
computer communications with 
the widespread adoption of the 
Hayes Standard ’AT" Command Set. 


Second, Hayes has a long¬ 
standing and unwavering 
commitment to customer support, 
not just to service its products, 
but to serve as a resource for 
information, assistance, and 
technical advice for everyone from 
the home user to the corporate 
communications manager. 
Moreover, Hayes provides more 
than a warranty on the material 
and workmanship of its products. 
Hayes warrants they will perform 
as promised, as well. 


Should you need further data 
to help you make up your mind, we 
offer this reassuring statistic: Year 
after year, more personal computer 
owners buy far more Hayes 
modems than any other kind. 

And that may be because a 
Hayes modem is the only modem 
with the ability to transmit and 
receive data, and at the same time 
convey a feeling of peace of mind. 
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Hayes Microcomputer Products, lnc..EO. Box 105203, Atlanta, GA 30348. 404-44M617 




